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INTRODUCTION 
The Gondwana r o c k s comrnonly o c c u r a s o u t l i e r s i n t h e 
P r e c a m b r i a n s h i e l d i n t h r e e l i n e a r b e l t s , n a m e l y : 1) K o e l -
Damodar b e l t of e a s t e r n Ind ia ,* 2) Son-Mahanadi b e l t of 
e a s t - c e n t r a l I n d i a / and 3) P r a n h i t a - G o n d v a r i and S a t p u r a 
b e l t of c e n t r a l I n d i a ( F i g . i ) . 
The Son-Mahanadi b a s i n i s a w e l l d e f i n e d e l o n g a t e 
b a s i n on t h e P r e c a m b r i a n s h i e l d of p e n i n s u l a r I n d i a ( F i g . 2 ) 
A p p r o x i m a t e l y 500 km l o n g , t h e b a s i n i s n a r r o w i n t h e s o u t h 
and b r o a d ("^ 240 km) i n t h e n o r t h . The b a s i n p r o v i d e s 
e v i d e n c e of w i d e s p r e a d g l a c i a t i o n on l a n d and a t s e a l e v e l 
where m a r i n e f auna have b e e n r e p o r t e d from T a l c h i r s t r a t a 
n e a r Manendragarh (Ghosh, • 195 4,* S a s t r i and Shah, 1964) and 
Umar ia (Thomas and D i c k i n s , 195 4 ) , a b o u t 150 km f a r t h e r 
n o r t h w e s t . C r i t i c a l compar i son of T a l c h i r f a u n a t h a t o c c u r 
a t t h e s e l o c a l i t i e s and i n t h e g l a c i a l Lyons Group i n 
w e s t e r n A u s t r a l i a ( D i c k i n s and Thomas, 1 9 5 9 ) , s u g g e s t a 
l a t e C a r b o n i f e r o u s ( ? ) - S a k m a r i a n ( P r a k e s e t a l . , 1975) o r 
A s s e l i a n - S a k m a r i a n ( D i c k i n s and Shah, 1979) age f o r 
M a n e n d r a g a r h and Umaria f a u n a . 
A l t h o u g h a good d e a l of s e d i m e n t o l o g i c a l work h a s b e e n 
c a r r i e d o u t d u r i n g t h e l a s t two d e c a d e s , p a r t i c u l a r l y on t h e 
T a l c h i r r o c k s of o t h e r b a s i n s (Ghosh and M i t r a , 197 2,* 
Cas shyap and Qidwai , 1974,* Cas shyap , 1 9 7 7 ) , s t u d i e s i n Son -
Figure 1 . Map showing d i s t r i bu t ion of Gondwana basins 
of Ind i a . 

Figure 2. Map showing Gondwana s t ra t ig raphy including 
d i s t r i bu t i on of the Talchir Formation in Son-
Mahanadi basin b e l t (a f te r Casshyap and 
Srivastava, 1987 ) . 
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Mahanacii basin have been initiated recently (Frakes et al., 
1915' Casshyap and Srivastava, 1987). 
This study is concerned with the glacigine Talchir 
Farmation at and around of Manendragarh <N. Lat. 23°10' and 
E Long 8 2°12') and Ambikapur (N. Lat. 23°1 •, E Long 83°12') 
in eastern Madhya Pradesh. The study is undertaken with 
four fold objectives! (i) analysis and interpretation of 
the lithofacies assemblage,* (ii) petrography and heavy 
minerals of dominant rock types,* (iii) geochemical study of 
selected rock types and (iv) based on integrated evidence, 
to reconstruct glacial and pro-glacial model of sedimentation. 
Hasdeo river section near Manendragarh and Gunguta 
river section near Ambikapur are two notable localities of 
the Talchir Formation in Son basin which have been examined 
in greater details. One of these (Hasdeo river) lies well 
within the basin, whereas the other (Gunguta river) lies 
near the eastern margin. These two places are about 165 km 
apart, and linked by road only. Manendragarh is itself a 
town of easy accessebility. It comes under the sector of 
Southeastern Railway, and one can reach here from Agra via 
Anuppur by direct trains. In addition, the study was also 
carried out in several other localities of Son and Koel basin 
namely Jhuran river section, near Nagpur (M.P.), Sendur river 
section, around Ramkela Tatapani (M.P.), North Koel and 
Amanat river section, in and around Daltonganj (Bihar) . 
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CHAPTER - 1 
STRATIGRAPHIC SETTING 
The Gondwana s t r a t a l i e u n c o n f o r m a b l y on t h e P r e c a m b r i a n 
b a s e m e n t , b u t t h e c o n t a c t be tween t h e two may be l o c a l l y 
f a u l t e d . Thus , t h e e v i d e n c e i n hand does n o t r e a d i l y 
s u p p o r t a r i f t - v a l l e y s t r u c t u r e f o r t h e Son-Mahanadi b a s i n 
a s v i s u a l i z e d by P i o n e e r w o r k e r s (Fox, 1931, ' P a s c o e , 1959) . 
The Gondwana r o c k s of t h e Son-Mahanadi b a s i n , o u t c r o p 
c o n t i n u o u s l y f o r a b o u t 500 km, s u r r o u n d e d by t h e Archaean 
and u n c l a s s i f i e d P r e c a m b r i a n b a s e m e n t r o c k s . The t o t a l 
t h i c k n e s s of s t r a t a i n c l u d i n g l o w e r and u p p e r Gondwana i s 
a b o u t 1600 m (Casshyap and T e w a r i , 198 4) . The o v e r a l l 
s e q u e n c e t h i c k e n from s o u t h t o n o r t h and from t h e m a r g i n s 
of t h e b a s i n i n w a r d . N e a r - f l a t l y i n g K a r h a r b a r i / B a r a k a r 
c o a l m e a s u r e s which o v e r l i e t h e T a l c h i r e i t h e r occupy 
e l e v a t e d a r e a s a s e r o s i o n a l r e m a n a n t s , l i k e t h e c o a l f i e l d s 
o f Hasdeo-Arand and C h i r m i r i , o r o c c u r i n l o w - l y i n g , down 
f a u l t e d b l o c k s a s i n t h e Korba c o a l f i e l d s and t h e T a l c h i r 
c o a l f i e l d down s o u t h . The a r c h i t e c t u r e of t h e b a s i n b e l t 
c l e a r l y shows t h a t T a l c h i r r o c k s o c c u r i n p r e e x i s t i n g 
v a l l e y s , l o c a l d e p r e s s i o n s , and b r o a d l o w - l y i n g t e r r . a i n s 
p o s s i b l y r e p r e s e n t i n g t h e e r o s i o n a l l a n d forms on t h e 
P r e c a m b r i a n s h i e l d p r o d u c e d by b a s a l pemnian T a l c h i r 
8 
g l a c i e r s (Casshyap and S r i v a s t a v a , 1 9 8 7 ) . By and l a r g e 
d i s t r i b u t i o n of T a l c h i r and o v e r l y i n g r o c k s , i s c o n t r o l l e d 
b y b a s e m e n t r e l i e f and t e c t o n i c s e t t i n g a s v i s u a l i s e d b y 
e a r l y w o r k e r s (Pascoe , 1959) . 
The T a l c h i r Fo rma t ion forms t h e b a s a l u n i t , s u c c e s s i v e l y 
o v e r l a i n by K a r h a r b a r i , B a r a k a r , Kamth i , Mahadeva, and 
A t h g a r h f o r m a t i o n s . Out of t h e s e , t h e T a l c h i r i s g l a c i a l 
and o t h e r s a r e f l u v i a t i l e ( P o s c o e , 1959,* C a s s h y a p , 1977 , 
1982),* t h e u p p e r m o s t A t h g a r h b e i n g p a r a l i c t o e s t u a r i n e i n 
o r i g i n (Kumar and B h a n d a r i , 1973) T a b l e ( i ) . 
STRATIGRAPHIC SUBDIVISION 
T a l c h i r F o r m a t i o n 
The T a l c h i r Fo rma t ion c r o p s o u t a s i r r e g u l a r , 
d i s c o n t i n u o u s p a t c h e s bounded by b a s e m e n t r o c k s . At t h e 
m a r g i n s , b u t a l s o w i t h i n t h e b a s i n v;here t h e t e r r a i n i s 
f a u l t e d u p , t h e T a l c h i r a t t a i n s e l e v a t i o n of 500-900 m, and 
r i s e f a r above t h e s u r r o u n d i n g a r e a (300-400 m) . The 
c o n t i n u i t y of T a l c h i r s t r a t a i n t h e s o u t h e r n p a r t i s 
f r e q u e n t l y i n t e r r u p t e d by l a r g e P r e c a m b r i a n g r a n i t i c 
h i l l o c k s o c c u r r i n g a s i n l i e r s . I n t h e l o w - l y i n g n o r t h e r n 
p a r t t o t h e n o r t h of K o r b i , t h e f l a t - l y i n g T a l c h i r r o c k s 
o u t c r o p e x t e n s i v e l y , more o r l e s s i n a c o n t i n u o u s p a t c h 
i n t e r r u p t e d by a fev; sma l l P r e c a m b r i a n i n l i e r s n e a r 
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Manendragarh. The Talchir rocks show a c h a r a c t e r i s t i c 
o l ive green colour as in other Gondwana basins of Peninsular 
I n d i a . The basal pa r t cons i s t s of t i l l i t e fac ies , which 
r e s t s on the underlying coarse c r y s t a l l i n e igneous and 
metamorphic rocks. The overlying sandstone facies i s 
coarse and medixom grained. This i s followed up by shale 
or f ine c l a s t i c facies , which c o n s t i t u t e s the major l i t h o -
f ac i e s of the Talchir Formation. Most outcrops are devoid 
of marine inver tebra te f o s s i l s , except t h a t of Hasdeo r ive r 
sect ion near Manendragarh and Umaria where unbroken and 
broken she l l s of brachiopodas and Cemeelibranks occur 
embedded in conglomerate, sandstone and massive t i l l i t e , 
Karharbari Formation 
The Karharbari Formation (Early Permian) named by W.H., 
Hughes (1870), i s th in ly and l oca l l y developed (70-305 m) 
in t h i s basin b e l t (Casshyap and Tewari, 198 4) . I t cons i s t s 
of pebbly, coarse to medium grained sandstone filth occasional 
l enses or bands of conglomerate, and th in to thick l e n t i c u l a r 
shale and coa l . I t has been recognised more in the borehole 
logs than on outcrops, espec ia l ly in Son-Mahanadi bas in . 
Barakar Formation 
Unlike Koel-Damodar basin b e l t , the Barakar Formation 
in the Son-Manendragarh basin i s dominantly arenaceous 
11 
(sandstone 70-8 4%), similar to Karharbari, consisting of 
coarse to medium grained sandstone, dark grey shale and 
thick to thin discontinuous coal seams. The complete 
concordence between the Talchir and Barakar, however, is 
not always persistent even in the same coalfield, and 
evidence of slight unconformity and erosion is not wanting 
(Pascoe, 1959, p.949). The Barakar sandstone shows profuse 
development of large scale cross-bedding on most outcrops. 
Indeed this formation is the chief coal bearing horizon as 
in other Gondwana basins of peninsular India. 
The succeeding group of brown and yellow sandstone 
and clay has been designated as Supra Barakar in Korba 
coalfield differentiated into Kamthi atid 
Mahadeva Formations. 
Kamthi Formation 
The Kamthi Formation rests on Barakar and is largely 
arenaceous, scarce in fossil plants and workable coal. On 
the basis of plant fossils the age of Kamthi Formation is 
assigned as Upper Permian to Early Triassic. Kamthi rocks 
consist of conglomerates, gritty sandstone, and shales. 
The grits are sometimes hard and siliceous. Associated 
with arenaceous and rudaceous sequence are fine grained 
sandstone of micaceous variety,' yellow and red homogenous 
mudstone passes into red shale. Cross-bedding is the 
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common primary structure to have developed in the Kamthi 
sandstone. 
Mahadeva Formation 
This formation is named after the Mahadeva hills, 
near Pachmarhi. The Mahadeva Formation overlies the Kamthi 
and is composed essentially of very coarse to coarse grained 
sandstone with subordinate amount of conglomerate and 
micaceous, ferrugenous siltstone/inudstone. 
Sandstone is verigated in colour, very coarse to 
coarse grained and in most cases contain twin lenses or 
bands of Polymictic conglomerate (0-30 m in thickness). 
Athgarh Sandstone 
The most northerly outcrop of east coast Gondwana lies 
west of Cuttack, where Athgarh sandstone occur. The Athgarh 
sandstone (Early Cretaceous) with an exposed thickness of 
about 400 m rests directly on the Precambrian metamorphics 
and consists mainly of sandstone with the intercalations 
of white and pink clay and carbonaceous shale. The sandstone 
white to grey in colour, is commonly medium to coarse grained 
pebbly feldspathic lithic wacke, cross-bedded and hard,* the 
pebbly beds are common in the upper part (Kumar and 
Bhandari, 197 3) . 
CHAPTER - 2 
LITHOFACIES ANALYSIS 
According to Reading (1986/ p.4) a facies is defined 
as a body of rock with specified characteristics. In the 
case of sedimentary rocks, it is defined on the basis of 
colour, bedding, composition, texture, fossils and sedimentary 
structures. A facies should ideally be a distinctive rock 
that forms under certain conditions of sedimentation, 
reflecting a particular process or environment. However, 
the term 'facies' is used in many different sences. Facies 
may be subdivided into subfacies or grouped into facies 
associations or assemblages (Reading, 1986, p. 4) . 
'Lithofacies' should thus refer to an objectively 
described rock unit. That is, a group of sedimentary rocks, 
grouped on the basis of rock's lithologic characters, e.g. 
dimictite, sandstone or fine elastics. Lithofacies have 
further been subdivided on the basis of primary sedimentary 
structures, which are present within the unit of rocks. 
Since, a complete record of Talchir strata is nowhere 
exposed, only partial sequences occur abutting against or 
resting upon the granitic basement in marginal terrain or 
low-lying northerly terrain. Borehole logs through the 
overlying coal measures seldom penetrate deeper into the 
13 
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underlying Talchir strata. Therefore, the lithofacies 
study is based on careful exainination of critical outcrop 
sections. 
Lithofacies Description 
I. Hasdeo River Section I 
The Talchir strata outcropping in the Hasdeo river 
section in Manendragarh district Surguja, M.P., lie toward 
the western margin of Son basin, and situated between 
Anuppur and Chirimiri. It lies on toposheet no. 641/4 on 
a scale of 1150,000. A preliminary lithofacies map was 
prepared for well exposed river section of Hasdeo river 
around Manendragarh (Fig. 3 ). Broadly four lithofacies 
txTpes were recognised viz. tillite, conglomerate, sandstone 
and shale-siltstone which lie successively and on locally 
interbedded in a vertical sequence as shown in a schematic 
section (Fig. 4A&B). They are coded by the capital letters, 
using a modified scheme of Mlall (1983) . Each facies has 
again been differentiated based on dominant texture and 
sedimentary structure, using appropriate lower case letters. 
In this way, a total of 12 lithofacies wa3 recognised, as 
listed in Table (2). 
The diamictite facies is designated here as tillite, 
inasmuch, as the glacial origin of Talchir deposits has been 
widely acknowledged. 
Figure 3 . Li thofacies map of foss i l i f e rous and non-
foss i l i f e rous Talchir s t r a t a including 
g r a n i t i c bed rock and Overlying Barakar 
Sandstone/ Hasdeo r i v e r section,Manendragarh. 
To Chirimiri 
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Figure 4. Li thofacies ass^nblage in the foss i l i f e rous out 
crop of Talchir Formation res t ing on the g r an i t i c 
basement along the western bank of Hasdeo r iver , 
Manendragarh, as shown in a NE-SW Section (A) and 
in a generalized v e r t i c a l sequence, north of r a i l 
br idge (B). 
Tm - T i l l i t a , massive 
Cg - Conglomerate, bedded 
Cf(f) - Conglomerate, foss i l i f e rous 
Sm - Sandstone, massive 
Sh - Sandstone, s t r a t i f i e d 
Fl(d) - Sha l e - s i l t s t one , laminated with 
dropstones 
Fl - Sha l e - s i l t s t one , laminated 
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Table 2 
LEGEND OF LITHOFACIES SEQUENCE IN STUDY AREA 
Code Lithofacies name 
Tm Tillite, massive 
Ts Tillite, stratified 
Cg Conglomerate, bedded 
Cg(f) Conglomerate, fossiliferous 
Sm Sandstone, massive 
Sh Sandstone, stratified 
Sp/St Sandstone, trough/planer 
c r o s s bedded 
S r S a n d s t o n e , r i p p l e bedded 
Sw S a n d s t o n e , wavy b e d d e d 
S f s S a n d s t o n e , f l a s e r b e d d e d 
F l S h a l e - s i l t s t o n e , l a m i n a t e d 
F l ( d ) S h a l e - s i l t s t o n e , l a m i n a t e d 
w i t h d rop s t o n e s 
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Massive Tillite (Tm): 
Massive tillite facies (Fig,5 ) rests directly upon 
the granitic basement often on a sloping surface having 
gentle to steeper inclination of the order of 25°. The 
tillite matrix is sandy, buff to light brovmish in colour, 
in which assorted clasts of polymictic composition are 
sparsely dispersed. The embedded clasts range in diameter 
from less than 2 to 15 cm, with an average diameter of about 
8 cm. They are subangular, subrounded to rounded with 
districtly pentagonal shape. The polymictic clasts consists 
of pink and grey granite, dolerite, and basic rock fragments,' 
in addition clasts of red jaspar may also occur. Their 
relative percentage is given in Table 3 . The massive tillite 
is seldom more than 1 m. thick, and occupies an area rarely 
more than a few tens of sq.m. on the granitic basement. 
Stratified Tillite (Ts): 
Stratified tillite shows faint to well defined 
stratification (Fig.6), varying from decimeter to 0.5-1.0 
m in thickness. Embedded clasts size varies from less than 
2.5-12 cm, with an average of about 7.5 cm. Some out size 
boulders of granite are also present in Ts facies associated 
with assorted clasts,' rest of the properties are similar to 
Tm facies described above. 
Figure 5 . Basal massive t i l l i t e (Tm) lying d i r ec t l y 
above the bed rock with a gent le i n c l i n a t i o n / 
north of r a i l br idge, Hasdeo r ive r sect ion, 
Manendragarh. 
Figure 6 . S t r a t i f i e d t i l l i t e (Ts), shov/ing rounded to 
subrounded c l a s t s dispersed in sanV matrix 
with few she l l s of marine fauna* Hasdeo r ive r 
sec t ion , south of r a i l bridge, Manendragarh. 
Figure 7 . Massive basal conglomerate (Cm) lying on top 
of the g ran i t i c basement, also contains mostly 
unbroken she l l s of marine fauna,* Hasdeo r ive r 
sec t ion , north of r a i l br idge, Manendragarh. 
Fig. 5 
Fig. 6 
Fig. 7 
20 
Table 3 
TYPE OP EMBEDDED CLASTS AND THEIR RELATIVE 
PERCENTAGE OF TILLITE LITHOUNIT IN HASDEO 
RIVER SECTION, MANENDRAGARH 
Composition Percentage 
Quartzite 45% 
Granite 3 3% 
Basic Rock Fragments 13% 
Jaspar 5% 
Dolerite 4% 
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Conglomerate {CQ) '. 
The massive tillite facies (Tm) rapidly grades into 
conglomeratic facies (Cg) both laterally, within 5 m down 
slope on -the granitic basement, and vertically with an 
intercalated transitional zone of about 1-2 m. The 
conglomerates (Cg) facies, thus, rests on the granitic 
basanent directly in low-lying downslope parts (Fig. 7), 
The facies abounds in well sorted pebbles and cobbles of 
2-10 cm diameter in the basal part, in contact with the 
basement,' clasts size rapidly decreases to 2 cm - 5 mm in 
the succeeding conglomerate layers, interbedded with grity 
sandstone. The conglomerate facies, thus, displays fining 
upward character, wherein the basal pebble conglomerate is 
clast supported, but the overlying layers and the succeeding 
thinly bedded small pebble conglomerate are mostly sand 
supported. Compositionally, polymictic clasts of conglo-
merates are similar to those occurring in the underlying 
Tm facies but texturally they are mi^ -ture of subrounded to 
rounded clasts. 
Conglomerate, fossiliferous (Cq(f)I 
Locally, is that large fossil bivalve shells occur 
embedded with clasts of 4-8 cm size in the conglomerate 
facies (Fig. 8),* fossil shells are wide spread more in the 
basal part near the granitic contact and less so in the 
upper part. Few shells are broken, but most are complete. 
Figure 8. Close-up of faunal she l l s in basal conglomerate 
(Cg(f)) ; Hasdeo r i v e r sect ion, north of r a i l 
br idge, Manendragarh. 
Figure 9 . Thinly-bedded sequence of fine grained r i p p l e -
bedded to cross laminated sandstone (Sr),* 
Hasdeo r i v e r sect ion, north of r a i l bridge, 
Manendragarh. 
Figure 10. Fine grained, w^ve r ippled sandstone (Sw), 
showing evidence of climbing in some sets,* 
Hasdeo r i v e r sect ion, south of r a i l bridge, 
Manendragarh. 
Fig. 8 
v^ r'-^ '^^ ' ..\ 
Fig. 9 
Fig. 10 
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with t h e i r concave side mostly facing upwards. Bivalve 
s h e l l s and cas t s mainly belong to brachiopods (Trigonatreta 
narsarhensis) and pelecypods iMyoria, Eurydesma myti loides , 
E. Playfordi , E. hobartense)," some bryozoans, gastropoda 
have also been reported from the l o c a l i t y . The foss i l 
assemblage of Hasdeo va l ley has been described at length 
spec ia l ly by Ghosh (1954), Bhatia 
and Singh (1959), Sahni and Dutt, D.K. (1962), Sastry and 
Shah (1964) and Dickins and Shah (1979). 
Massive to Fla t Bedded Sandstone (Sm/Sh)t 
This fac ies , buff to Khakhi to ol ive green in colour, 
i s coarse to medium grained and apparently massive, often 
exhib i t ing fa in t horizontal bedding. The sandstone beds 
of lensoid shape are 0-2 m thick, and may contain sporadic 
pebbles, cobbles or even boulders, as dropstone. Fossi l 
s h e l l s with concave side up occur spar ingly . This l i t h o -
fac i e s shows f l a t to s l i gh t l y undulated base, apparently 
in response to underlying p r o f i l e of near shore channel 
( t i d a l / s a b t i d a l ) . 
Cross-bedded Sandstone (Sp/St)I 
This sandstone fades, medium to f ine grained, and 
khakhi to o l ive green in colour, shows development of 
medium to small scale cosets of planar and trough cross 
s t r a t i f i c a t i o n , ranging in thickness (scale) from 90-20 cm 
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and 20-10 cm, respectively. Foreset thickness by and large 
Varies from 1,5-0.5 cm depending upon grain size and sets' 
thickness. 
Ripple Cross Laminated Sandstone (Sr) '. 
Locally fine grained sandstone facies of olive green 
to light brown colour, show ripple cross laminations, 
passing into ripple drift or climbing ripples laminations. 
Occasionally, asymmetrical ripple marks are neatly preserved 
in cross sections as continuous trains on successive bedding 
surface (Fig. 9) , 
Wave Ripple Bedded Sandstone (Sw)\ 
Wave ripple bedded fine grained sandstone facies is 
locally developed, interbedded with Sr and Sh facies. It 
is 2-4 m thick and exhibits characters similar to Sr facies. 
Locally, wavy layers consisting of asymmetrical crest and 
trough occur in phase, lying one above the other in the 
lower part,* wavy layers gradually become straightened and 
nearly plane in the upper part in about a meter of thickness. 
Wave building and ripple marks are almost asymmetrical * 
their crest are commonly undulating and bifurcated. Wave 
ripples exhibit evidence of climbing in some sets (Fig. lo) 
but locally become asymmetrical. Asymmetrical ripples 
shows steeper lee side and a gentle stoss side. The 
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ripple range in wave length from 8 to 16.5 cm and in 
amplitude from 1.2 to 2.3 cm, so that the ripple index 
varies from 5 to 9,69 cm. 
Flaser Bedding (Sf s) *. 
This unit consists of fine grained sandstone,* it is 
about 2 m thick and occur locally in association with Sw 
and Sr facies. A ripple bedding, in which mud streaks 
are preserved completely, is known as flaser bedding. 
Laminated Fine elastics (Fl)' 
This facies refers to well laminated siltstone and 
shale. It weathers into needle-like fragments and locally 
shows spheroidal features. It contains sporadic clasts 
as drop stone, varying in size from less than 2 to 12 cm. 
Clasts are subrounded to rounded. Thickness of this 
facies varies from less than a meter to 5 m, depending 
upon underlying topography. 
II. Gunquta River Section! 
The Talchir strata outcropping in the Gunguta river 
section, Ambikapur, lies close to the eastern margin of 
Son-Mahanadi basin (Fig.2 ). It lies on toposheet no. 
6 4M/4, on a scale of 1'.50,000. 
A preliminary lithofacies map was prepared for well 
exposed river section of Gunguta, near Ambikapur (Fig.n). 
Figure 1 1 . Li thofacies map of Talchir s t r a t a including 
g r a n i t i c bed rock,* Gunguta r ive r sec t ion , 
10 km south of Amb^apur on eastern margin. 
Arrows ind ica te p^'d^flow d i rec t ion , based 
on cross bedding of interbedded sandstone 
(a f te r Casshyap and Srivastava, 1987). 
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Broadly/ ten l i t ho fac i e s types were recognized belonging 
to t i l l i t e , conglomerate, sandstone and f ine e l a s t i c s , and 
are coded by using the same schsne, as described in the 
f i r s t p a r t of descript ion i . e . Hasdeo sect ion around 
Manendragarh. 
T i l l i t e , Massive (Tm) '. 
Massive, non - s t r a t i f i ed t i l l i t e commonly occurs in 
the basal p a r t as thin (1-3 m), l a t e r a l l y discontinuous 
bodies, r e s t i n g d i r ec t l y on basement g r a n i t e . The bulk 
of Tm fac ies displays characters s imi lar to Tm fac ies , as 
recognised in Hasdeo r ive r sec t ion . 
T i l l i t e , S t r a t i f i e d (Ts)I 
This t i l l i t e shows well defined or vague s t r a t i f i c a t i o n , 
varying in scale from a few centimetres to a decimeter or 
more. I t i s well developed, upto about 10 m thick, lying 
above Tm with a gradational contact , or above coarse 
e l a s t i c s with a sharp contac t . Other charac ters are s imilar 
to Ts fac ies , developed in Hasdeo sec t ion . 
Conalomerate (Cq)I 
The loca l ly and th in ly developed conglomerate fac ies 
i s made up of subrounded pebbles and cobbles of polymictic 
composition as found in t i l l i t e , except t h a t white 
q u a r t z i t e i s the dominant rock type . I t i s generally 
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polymodal and matrix supported, in which c l a s t s are densely 
packed with coarse, g r i t t y sand forming the bulk of matr ix . 
I t i s massive, f a in t ly s t r a t i f i e d and loca l ly non-s t r a t i f i ed , 
includes lenses of coarse sandstone. The Cg fac ias occurs 
above the Tm/Ts facies as lenses in sandstone or i t may 
occur as a basal un i t , r e s t i ng on g r a n i t i c basement, as in 
the Hasdeo r ive r sec t ion . 
Sandstone (S) I 
The sandstone i s c h a r a c t e r i s t i c a l l y o l ive green to 
ear thy or white in colour. As th icker body (5-20 m), i t 
occurs as a separate un i t , as th in beds (5-50 cm), i t 
a l t e r n a t e s with f ine e l a s t i c s . I t displays f ive subtypes 
(S-Pb, Sp, St, Sh and Sr) based on grain s ize and 
s t r a t i f i c a t i o n . 
Pebbly Sandstone (S-Pb) '. I t i s coarse to very coarse 
grained with an admixture of small, subrounded to rounded 
pebbles . Most u n i t s , 5-15 m in th ickness , show flat-bedded 
shea t - l i ke bodies in the lower pa r t , to channel l i k e , cross 
s t r a t i f i e d bodies in the upper p a r t s . Pebbles are g r an i t i c 
and q u a r t z ! t i c . 
Planar-and Trough C r o s s - s t r a t i f i c a t i o n (So-St)I This sand-
stone i s medium to coarse grained and shows profuse 
development of cosets of p lanar and trough cross s t r a t i f i -
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cation,* the former more widely developed than the l a t t e r . 
Planar fo rese t s , 5-10 mm th ick , shov/ lower and upper 
angular contacts , or are gent ly tengent ia l a t the base . 
Trough forese ts are well e>cposed on bedding surface . The 
sequence often exhib i t s f in ing upward cyc les . Bed th ick-
ness normally ranges from l e s s than a decimeter to 5 m, 
and individual f ining upward cycles from 3-10 meters . 
Horizontal Bedded Sandstone (Sh)I This sandstone i s coarse 
grained, apparently massive, or exh ib i t s f a in t horizontal 
bedding. Bed thickness are on the order of 5-30 cm. 
Thicker u n i t s upto 2 m may contain sporadic pebbles and 
cobbles . Thinner u n i t s occur as lenses or shee t l ike bodies 
interbedded with thin layers of mud^stone, conglomerate or 
t i l l i t e . Thicker un i t s (30-60 cm) under l ie or are i n t e r -
bedded v/ith cross s t r a t i f i e d sandstone. 
Ripple Cross-laminated Sandstone (Sr) '. This l i t h o f a c i e s 
i s l oca l l y developed in u n i t s upto 20 cm th ick and cons is t s 
of medium, fine to very f ine grained sandstone. Ripple 
cross- laminat ions may pass i n to r i pp l e d r i f t lamination 
of type A (Jopling and Walker, 1968) . Asymmetrical r i pp l e 
marks are neat ly preserved l o c a l l y as continuous t r a i n s on 
successive bedding surfaces . I t forms the upper p a r t of 
f in ing upward cycles, or occurs in a t h in ly bedded sequence 
a l t e r n a t i n g with laminated mudstone. 
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Fine Clas t ic Llthofacies (F) 
Laminated mudstone (Fl) ! This l i t h o f a c i e s i s green to 
reddish-brown to earthy in colour, and develops as small 
and large l e n t i c u l a r bodies from 10-20 m or more in th ick-
ness and i s t raceable for tens of meters . I t i s thoroughly 
laminated, may contain sporadic pebbles or blocks of 
d i a m i c t i t e . 
Ripple cross-laminated to laminated Shale (Fr)t This 
l i t h o f a c i e s i s o l ive green in colour, and by far the most 
c h a r a c t e r i s t i c rock type of the Talchir Formation. I t i s 
commonly referred to in l i t e r a t u r e as sp l in t a ry sha le . 
Ripple cross-laminations occurs abundantly. Small pebbles 
as dropstones occur r a re ly in t h i s f a c i e s . 
Laminated rhythmites dropstone l i t h o f a c i e s (Fd) '. This i s 
evident ly the most d i s t i n c t i v e of g l ac i a l l i t h o f a c i e s . I t 
cons i s t s of a l t e rna t ing layers of th in mudstone, and th icker , 
f ine grained sandstone, l e s s than a centimeter to a few 
centimeters thick (Fig, 12) . Fine sandstone i s apparently 
massive, but shows normal v e r t i c a l grading of p a r t i c l e s ize 
l o c a l l y . Mudstone i s nea t ly laminated to massive. Drop-
stones of pebble to cobble s ize , but t y p i c a l l y a few 
centimeter or l e s s , are embedded in varying abundance, 
bending or puncturing the lamination downward at the 
Figure 12. Al ternat ing layers of thin mudstone and th icker 
f ine grained sandstone (F l (d) ) , with a few 
dropstones causing depression and t runcat ion 
of bedding traces,* Gunguta r ive r sect ion, near 
road bridge, 10 km south of Ambikapur. 
Figure 13 . A close-up of boulder s ize dropstone in 
laminated to massive mudstone, puncturing the 
laminations downward at the contact,* Gunguta 
r i v e r sect ion, near road bridge, 10 km south 
of Ambikapur. 
Fig. 12 
Fig. l i 
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contact (Fig.13). They are identical in lithologies to 
those of clasts occurring in diamictite and Cg facies. 
Lithofacies Interpretation 
Tillite 
The d iamic t i te in the Talchir sequence have been f ree ly 
described as t i l l s ( t i l l i t e s ) , even though the term ' t i l l ' 
i s r e s t r i c t e d to deposits formed d i r e c t l y by the action of 
grounded i ce without subsequent reworking (Boulton, 1981). 
In accordance with t h i s def inat ion, most of the d iamic t i t es 
cannot be in te rp re ted as t i l l s , although the balance of 
evidence from Talchir Forroation, p a r t i c u l a r l y the loca l 
occurrence of strcuted g lac ia l pavement (Ahmad e t a l . , 1976) 
and the presence of rhythmites, dropstone fac ies , and 
pentagonal and s t r i a t e d c l a s t s , suggests t h a t they are 
g l a c i a l l y derived. Alteimative modes of deposition include 
f l a t i n g i c e , reworking of debr is , and subaqueous slumping 
and s l id ing by gravity flows (Crowell and Frakes, 197 5,* 
Powell, 1981) . 
The massive, nonstralted t i l l i t e (Tm) which r e s t s 
d i r e c t l y on uneven r e l i e f of the Precambrian basement i s 
l o c a l l y sheared and abounds in poorly sorted c l a s t s , some 
showing pentagonal shape and s t r i a t i o n s . The c l a s t s are 
mostly of loca l derivation and the t i l l i t e exh ib i t s well 
developed fabr ic in p l aces . The above fea tures suggest 
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that the lenticular, massive tillite bodies were deposited 
on basement rock by grounded ice, perhaps during ice 
retreat (Boulton and Eyles, 1979) . 
Stratified tillite represents subglacial and melt-out 
till deposition terrestrially (Dreimanis, 1976) or in 
grounded shelf (Reading and Walker, 1966) or reworking and 
deposition of till in shallow water bel ow grounded ice or 
floating ice (Dreimanis, 1979,' Boulton and Eyles, 1979) . 
The stratified tillite is somewhat better sorted, the 
clasts better rounded and the matrix is sandy rather than 
clayey. Reworked till also occurs as thin sheets alternating 
with thin sandstone related to seasonal mass 
flows of till and coarse sand due to high discharge of 
meltwater streams in proglacial out wash plains (Boulton 
and E^es, 1979) or as submarine out wash deposits (Powell, 
1981). Thin lenses of tillite interbedded with a shale 
sandstone sequence may be attributed to deposition by 
underflows generated from meltwaters from the marginal 
highland. Isolated bodies of tillite in the underlying 
sediments were laid down from floating ice dropped into the 
basin below (Powell, 1981), or as frozen glacial debris 
slximped from a shelf into deeper parts of the basin. 
Slximping could have been caused by over steepening of the 
tillfront, or by push by the ice itself, or by water 
turbulence generated during iceberg calving (Rust, 1977,* 
Miall, 1983) . 
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Conglomerate 
The conglomerate bodies (Cg), which are sheet l i k e to 
elongate in geometry, are massive, and sand-matrix suppoirted, 
and contain subrounded to rounded pebbles and cobbles, may 
be r e l a t ed to f lash floods or ca tas t rophic discharges 
associa ted with the breaking of na tura l dams during g lac ia l 
melts (Collinson and Thompson, 1982) or to longi tudinal 
b ra id bars in proglacia l outwash p l a in s (Boothryod and 
Ashley, 197 5) . Locally c r o s s - s t r a t i f i e d facies occurring 
as channel- l ike bodies are suggestive of aggradation due to 
rapid deposition in loca l ized channels of outwash p la ins at 
r e l a t i v e l y low water stage (Collinson and Thompson, 1982) . 
The fos s i l i f e rous basal conglomerate fac ies in the Hasdeo 
sec t ion , near Manendragarh possibly represents a product 
of a submarine outwash pla in (Powell, 1981), fan de l ta 
(Eyles and Miall, 1984), or gravi ty flow (Walker, 1984), 
in a deep water t i d a l channe l / in le t or es tua ry . 
Sandstone 
The cross stratified, pebbly, arenaceous lithofacies 
showing upward fining cycles and unimodal transport 
direction, are attributed to a fluviatile/deltaic environ-
ment of deposition. Their close association with glacially 
derived deposits, including laminated mudstone and varies 
with dropstones, is strongly corroborative of a glacio-
fluvial environment (Casshyap and Srivastava, 1987) . 
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Pebbly, coarse to medium sandstone bodies character ized 
by planar (Sp) and loca l ly trough (St) c r o s s - s t r a t i f i e d 
cosets represent deposition by dovmstream accret ion of the 
l e e facies of l inguoid or t ransverse bars (Smith, 1970,* 
Collinson, 1970) and sand dunes (Collinson and Thompson, 
1982) respect ively , developed in braided channels of 
meltwater streams on outwash p la ins (Casshyap and 
Srivastava, 1987) . Pebbly, c r o s s - s t r a t i f i e d sandstone 
fac ies which under l ie massive or s t r a t i f i e d d iamict i te 
or enclosed there in , may well be in t e rp re t ed as subglacial 
or englacial esker stream deposi ts (Banerjee and McDonald, 
1975,* Saunderson, 1975) . 
Fine Clas t ic Lithofacies 
F ine -c l a s t i c l i t h o f a c i e s which form the bulk of s t r a t a 
are of four types, each gene t i ca l ly d i f f e r e n t . Some occur 
a separate u n i t s , but most occur interbedded as Fl and Fr 
or as Sr and F l . 
Thus, a l t e rna t ing beds of shale (Fl) and fine grained 
sandstone (Sr) , which show bed forms and bedding type of a 
lower flow regime, including r ipp le marks and laminations 
and an intertonguing re la t ionsh ip with c r o s s - s t r a t i f i e d 
channel sandstone, are i n t e rp re t ed as levee deposi ts of 
sinuous stream channels on outwash p la ins (Casshyap and 
Srivastava, 1987) . Similar ly, mudstone-si l ts tone fac ies 
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displaying characteristic straight to wavy lamination and 
cross lamination, suggest deposition of fine clastic 
sediments through suspension in a standing body of water 
similar to a lacustrine or delta plain environment 
(Gustavson, 1975) . Such environments develop distally in 
an outwash complex of a temperature valley glacier (Shaw, 
1975). Rhythimite lithofacies containing layers of sand 
and mud reflect fluctuations in density underflows due to 
variation of meltwater discharge from summer through winter 
(Gustavson, 1975) . Ice bergs dropped stones into lacustrine 
sediments, thus, completing the process of rhythmite 
formation. 
CHAPTER - 3 
TEXTURE 
GRAIN SIZE ANALYSIS 
Grain size attributes have been widely used for evaluating 
sediment properties and interpreting conditions and environment 
of deposition of the Late Paleozoic lower Gondwana sequence 
of peninsular India^Srivastava, 1961/ Casshyap 
and Qidwai, 197H; Ghosh and Mitra, 1975,* Qidwai and Casshyap, 
1978, Khan, 1978, Tewari, 1980, Casshyap, 1981, Kumar, 1983). 
However, in most of these studies grain size characters 
were investigated without regard to mineralogy. The present 
study aims at examining, i) grain size attributes separately 
for each of the dominent detrital constitutes, namely quartz, 
feldspar and rock fragments, and ii) roundness of the afore-
said components and relationship of particle size verses 
compositional roundness. Since disintegration methods 
ordinarily used (Krumbein and PettiJohn, 1938) was not 
desirable, the grain size analysis was carried out from 
this sections, using petrological microscope. For this 
purpose, a total of 7 thin sections were selected from two 
different localities of Talchir Formation of Son basin, i.e. 
Hasdeo river section, Manendragarh and Gunguta river section, 
Ambikapur. Out of 7 thin sections 4 from matrix of tillite 
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and 3 from sandstone facies. The apparent long diameter of 
grains were measured with the help of micrometer. Some 250-
300 grains were counted per slide as suggested by Friedman 
(1958) and considered to be satisfactory for most routine 
analysis (Pettijohn et al., 1965,* Friedman, 1958, 1962). We 
set our spacing in such a way that entire section was covered 
in each case. Grains less than 0.03 mm (> 5f) in diameter 
were treated as clay or matrix (Spencer, 1963). 
At the time of measuring the size of grains, their 
composition was also recorded quartz feldspar and rock 
fragments are three major detrital components of the frame-
work of each rock type, the grain diameter was recorded 
separately for each of these components, and the date were 
recorded accordingly following the /S" scale of Wentworth 
(1922) grade-scale (Table 4 ) . This scheme was used to make 
an attempt to establish the relationship between size and 
composition. Since all these data were collected with the 
help of micrometer and microscope, the sieve equivalent 
diameters were obtained using, Friedman's graph (1958). 
On the basis of present data, three ciimmulative curves 
were plotted for each rock sample to illustrate the grain 
size distribution of quartz, feldspar and rock fragments 
separately for 4 samples of matrix of tillite (Fig.i4A) 
and 3 of sandstone (Fig.i4B), representing different 
localities. 
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Figure 14. Size frequency commulative percent curves of 
d e t r i t a l quartz, feldspar and rock fragments 
of '. (A) t i l l i t e and (B) sandstone. Median 
diameter decreases gradually from rock frag-
ments then feldspar to quartz in both t i l l i t e 
and sandstone. 
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With the help of these cvunmulative curves, some specific 
value of $ percentiles were determined, namely $£-, $-, ^ # ^OR' 
*50' *7 5' ^8 4 ^ ^^ *95 • "^ hese values of $ are essential to 
compute the statistical attributes of grain size, such as 
inclusive graphic mean (M ), sorting coefficient (Cy), 
skewness (SK,.), and kurtosis (KG) for each type of components, 
following Folk (1961). The computed statistical parameters 
are recorded in Table 5 . The best graphic measure for 
measuring overall size is the inclusive graphic mean, given 
by the formula after Folk (1961) *. 
*16 •*• So + *8 4 
M 
z 
The graphic standard deviat ion, o^, i s a good measure 
of sor t ing and i s computed as $0/ ~ ^TQ / ^* However, t h i s 
takes in only the centra l two t h i r d s of the curve and a 
b e t t e r measure i s the inc lus ive graphic standard deviat ion, 
Oj = given by the formula I 
* 8 4 - *16 *95 - *5 
„ = + 
^ 4 6.6 
Curves may be similar in average size and in sorting 
but one may be symmetrical, the other symmetrical. Skewness 
measures the degree of symmetry as well as the 'sign' i.e. 
whether a curve has an symmetrical tail on left (-) or 
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right (+). A better statistics for this, which includes 
90% of the curve, is the Inclusive Graphic Skewness (SK_) 
given by the formula I 
*16 + *84 - 2*50 ^5 + *95 " ^$50 
CV _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ J. 
Departure of a cummulative curve from a straight line, 
and the quantitative measure used to describe this departure 
from normality is called kurtosis. It measures the ratio 
between the sorting in the 'tails' of the curve and the 
sorting in the central portion. The kurtosis measure used 
here in the Graphic Kartosis K , given by the formula I 
*95 " ^5 
^ " 2.44 ($^5 - #25) 
All these statistical parameters of the grain size 
distribution, so computed, may be described, in terms the 
verbal scale given by Folk (1961, p.44) . 
ROUNDNESS 
Roundness of a particle is a function of distance of 
transport, transporting agent and environment of deposition. 
Further, rounding is a good index of textural and composi-
tional maturity of sediments. With this in view, the study 
deals with the determinations of roundness of the three main 
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rock components i.e. quartz, feldspar and rock fragments 
of matrix of tillite and sandstone, in different size 
fractions of the study area. 
Powers (1953) named and defined six roundness grades 
in such a way that the ratio of the upper limit to lower 
limit of each class is 0.7. Powers's scale is useful where 
closer discrimination is required and where a more rigorous 
statistical analysis is to be made of the results. In this 
study, rho (C ) scale of roundness, given by Folk (1961), 
was used. Actually, in this scale. Powers roundness images 
for sand grains is facilitated by a logarithmic (rho,(^  ) 
scale, in which the limits of the very angular class are 
taken as 0~lf , angular l-2(f, subangular 2-3^ , subrounded 
3-4/=",rounded 4-5Cand well rounded 5-6^. It shows that the 
roundness of a perfect ball is 6.0^. 
Since this is impractical to measure, though, and now 
roundness values are obtained by comparison with photographic 
chart for sand grains (Powers). To obtain roundness of each 
rock components, about 100-150 grains were measured from 
each thin section, and in all 7 thin section were observed. 
All these grains were distinguished according to their 
composition and then grouped into different size intervals. 
In each size interval of each composition, grains were 
distributed in all six vertical columns of roundness 
accordingly, and then the mean value of each roundness 
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class in rho ( C ), was multiplied by the nximber of grains 
lieing in those classes of roundness. Afterwards, the 
multiplied niomerical values were integrated and divided by-
total number of grains of size class in question. This 
resultant value of roundness is the mean value of that size 
interval. Mean roundness of each size interval of each 
component, so calculated, was plotted as histogram, vis-a-vis 
size (Fig.15A&B). 
Grain Size Characteristic 
Tillite 
Out of the four samples of matrix of t i l l i t e , two were 
from Hasdeo section of Manendragarh and the other two from 
Gunguta section of Ambikapur. 
Quartz . - Total d e t r i t a l quartz in matrix of t i l l i t e va r i e s 
from about 18 to 3 4.3%. The maximum size of quartz grains 
v a r i e s from 1.19 mm (-0.25$) to 0.59 mm (0.75$) . The 
mlnimiim s ize goes down to l e s s than about 0.10 mm (3.25$) . 
However, the mean size (M ) va r i e s from 0.31 mm to 0.27 mm 
(1.71$ to 1,89$) i . e . the quartz grains are on an average 
of medium sand grade. The value of inc lus ive graphic 
standard deviation (cu.) for d e t r i t a l quartz va r i e s from 
1,39$ to 3,7 4$, with the average value of 2.03$. The 
computed numerical values show t h a t quartz grains of t i l l i t e 
Figure 15 . Histrograms showing var ia t ion between grain 
s i z e and roundness of quartz, feldspar and 
rock fragments of I (A) t i l l i t e and (B) sand-
s t o n e . Most d e t r i t a l s are subangular,* the 
coarses t may be subrounded. 
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are by and large poorly to very poorly sorted. 
Detrital quartz show an appreciable variation in 
skewness (SK^) from -0.30 to -0.07. Negative skewness 
shows that coarser fraction is in excess of finer material, 
i.e. a tail to the left. Overall result shows that frequency 
distribution of quartz in the given tillite samples is 
nearly 'coarse skewed to nearly symmetrical' as per the 
verbal scale of skewness of Folk (1961, p.44). 
The value of kurtosis for detrital quartz grains, 
varies from 0.93 to 1.49 i.e. nature of curve is mesokurtic 
to leptokurtic. 
Roundness of quartz grains in matrix of tillite varies 
from 2.6 to 3.2 on the rho (^  ) scale i.e. subangular to 
subrounded. The mean value of roundness is 2.8, reveals, 
quartz grains, in general, are subangular (see Fig.lSA). 
Feldspar.- Total feldspar including orthoclase, plegioclase 
and microcline, ranges from about 8% to 20% of total consti-
tuents. Their maximum size varies from 0.8 4 mm to 0.92 mm 
(0.25$ to 1.25#), minimum size goes down from 0.21 mm to 
0.15 mm (2.25$ to 2.75$). However, the mean size (M ) of 
z 
feldspar in this rock type varies from 0.33 mm to 0.25 mm 
(1.59# to 2.01$), i.e. medium to fine grained. 
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The inc lus ive graphic standard deviat ion (o^) for 
feldspar grains va r i e s from 1,22# to 1.47$/ and t h e i r 
Skewness (SK,) ranges from -0.42 to +0.08, suggesting tha t 
the d e t r i t a l feldspars are by & large poorly sorted, and 
t h e i r frequency d i s t r i b u t i o n i s strongly coarse skewed to 
near ly symmetrical . 
The kur tos i s value va r i e s from 1.03 to 1.33, ind ica t ing 
t h a t feldspars l ike -quar t z are mesokurtic to l e p t o k u r t i c . 
Feldspar grains roundness goes from 2.Bf'to 3 , 2 f i , e . sub-
angular to subrounded, mean value l i e s in subrounded c lass 
(3.oe;. 
Rock fragment.- Percentage of lithic fragments in matrix 
of tillite varies from 4% to 7%. Their maximum size varies 
from 1.19 mm to 0.8 4 mm (-0.25$ to 0.25$),* minimum size 
fron 0.42 mm to 0.25 mm (1.25$ to 2.25$), though mean size 
(M ) ranges from 0.76 mm to 0.42 mm (0.39$ to 1.27$), 
showing that rock fragments are coarse to medium grained. 
Inclusive graphic standard deviation (o^) of rock 
fragments varies from 0.38$ to 0.97$, which shows that 
detrital rock fragments are well sorted to moderately 
sorted, unlike quartz and feldspar. 
Inclusive graphic skewness (SIC.) varies from -0.40 to 
0.33, i.e. strongly coarse skewed to strongly fine sl'.ewed. 
Likewise, kurtosis for rock fragments lies from 0,83 to 
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1,51, ind ica t ing tha t frequency curve i s meso- to l ep tokur t i c . 
Rock fragment range from subangular to subrounded and 
on the rho (C) scale , value are varying from 2.3 - 3 . 5 ^ . 
Mean value i s 2.8{'^ which comes in subangular c lass i n t e r v a l . 
Sandstone.- Three samples of sandstone were examined from 
both the l o c a l i t i e s of study a rea . 
Quartz.- As against the matrix of t i l l i t e , quartz va r i e s 
from 40.6% to 56.2% in the associated sandstone u n i t s . The 
maximxim s ize of quartz grain va r i e s from 0,8 4 mm to 0.42 mm 
(0.25$ to 1.25$), and the minimiim s ize from 0.15 mm to 
0,10 mm (2.75$ to 3,25$). However, the mean size va r i e s 
from 0,33 mm to 0.16 mm (1,60$ to 2.62$), i . e . quartz gra ins 
in sandstone are medium to f ine gra ined. 
Inc lus ive graphic standard deviation (o-r) va r i e s from 
1,25$ to 2,11$. This range of sor t ing coeff ic ient shows 
tha t quartz grains of sandstone are poorly to very poorly 
so r t ed . However, skewness (SK,) va r i e s from -0.09 to +0.10, 
which shows tha t frequency curve i s nearly symmetrical for 
quartz of sandstone. 
Kurtosis value (1.02 to 1.15) ind ica t e tha t frequency 
curve i s mesokurtic to l e p t o k u r t i c . 
Quartz grains of sandstone are general ly subangular 
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to subrounded, roundness value ranges from 2.6 to 3.0, 
mean roundness value is 2.8, (see fig. 15B) . 
Feldspar.- Total feldspar (orthoclase, plegioclase and 
microcline) in sandstone ranges from about 17% to 26%, with 
maximum size varying from 0.8 4 mm to 0.42 mm (0.25$ to 
1.25$), minimum from 0.15 mm to 0.10 mm (2.75$ to 3.25$), 
but the mean size (M ) varies from 0.31 mm to 0.17 mm 
z 
(1,70$ to 2.52$), i.e. feldspar is medium to fine grained. 
The inclusive graphic standard deviation (1.33i{'to 1,97^ ) 
shows that feldspar grains are commonly poorly sorted. 
Skewness values (-0.26 to 0.36) indicate that frequency 
curves are coarse skewed to strongly fine skewed. Kurtosis 
values (1.00-1.92) imply mesokurtic to very leptokurtic 
character as the other components. 
Among the feldspar grains, value of rho ( ^  ), varies 
from 2.5 to 3.5 so grains are subangular to subrounded, 
while mean roundness is 2.9^. 
Rock fragment.- Rock fragments vary from 6% to 11%. Their 
maximum size varies from 0.84 mm to 0.30 mm (0.25$ to 1.75$), 
minimum from 0.30 mm to 0,21 mm (1.75$ to 2.25$), though 
mean size (M ) ranges from 0.59 mm to 0.87 mm (0.77$ to 
2,14$), showing that fragments in sandstone are coarse to 
fine grained. 
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Inclusive graphic standard deviation varies from 0,53 4^  
to 1.61|^ , i.e. rock fragments are moderately well sorted to 
poorly sorted. Their skewness (0.37 to -0.4) and kurtosis 
(0.98 to 1.62) values suggest that the frequency distribution 
of lithic fragments in sandstone is strongly coarse skewed 
to nearly symmetrical and mesokurtic to very leptokurtic. 
By and large rock fragments are subrounded, but its 
roundness varies from subangular to subrounded (2.9^- 3.3). 
Mean value is 3.1^. 
The study reveals some similarities and dissimilarities 
to size attributes and roundness of quartz, feldspar and 
rock fragments,* in the given samples of tillite and sand-
stone of Talchir Formation of the study area. Detrital 
quartz in tillite are mostly medium grained, whereas in 
sandstone they are medium to fine grained. In both the rock 
type quartz are poorly to very^sorted through the respective 
values of cTj shov/ that quartz grains of sandstone are some-
what better sorted than tillite. Likewise, quartz of 
tillite are nearly symmetrical to coarsely skewed, while 
these of sandstone nearly symmetrical. Computation of 
kurtosis shows that in both rock type distribution of quartz 
grains is mesokurtic to leptokurtic, showing that central 
part of quartz grains distribution is somewhat better sorted 
than its tails. 
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Mean size of feldspar does not show any ronarkable 
change in tillite or in sandstone, and varies from mediuin 
to fine grained, though sandstone shows somewhat finner 
grains of feldspar than in tillite. Feldspars are poorly 
sorted in both the rock types. In matrix of tillite, 
feldspar grains are strongly coarse skewed to symmetrical 
skewed, while in sandstone these are coarse skewed to 
strongly fine skewed. Feldspar graphs of matrix of tillite, 
are mesokurtic to leptokurtic, however in the case of sand-
stone, this pattern goes upto leptokurtic in case of sand-
stone, indicating that in sandstone, central part of 
feldspar grain size distribution is by and large better 
sorted than that of matrix of tillite. 
Rock fragments contribute in lesser amount both in 
matrix of tillite and sandstone. In tillite, rock fragments 
are coarse to medium grained, however, in sandstone, these 
are coarse to fine grained. Further, rock fragments are 
well to moderately sorted in matrix of tillite, whereas, 
moderately well sorted to poorly sorted in sandstone. 
However, rock fragments are strongly coarse skewed to 
strongly fine skewed in matrix of tillite, but strongly 
coarse skewed to nearly symmetrical, when sandstone is 
under consideration. Rock fragments are mesokurtic to 
very leptokurtic in both the rock type. 
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Roundness of quartz is almost similar in both the 
rock type i.e. matrix of tillite and sandstone. In both 
it varies from subangular to sub round, even mean value 
is also similar i.e. 2.8 on rho (C ) scale. 
In sandstone the roundness of feldspar grains are 
somewhat better than matrix of tillite. In tillite, this 
value is 3.0 while in sandstone it is 2.9 . So on an 
average, it would be subangular and subrounded respectively. 
In matrix of tillite, roundness of rock fragments comes 
in subrounded class interval having rho (C ) value 3.1, 
however, in sandstone it is subangular, showing rho {Q ) 
value simply 2.8. 
CHAPTER - 4 
MINERAL COMPOSITION AND GEOCHEMISTRY 
Among t h e p e t r o g r a p h i c s t u d i e s of Gondwana r o c k s which 
h a v e been c a r r i e d o u t i n r e c e n t y e a r s , n o t e w o r t h y a r e t h o s e 
of S r i v a s t a v a and I s r a i l i ( 1 9 6 6 ) , Ghosh and M i t r a ( 1 9 6 7 ) , 
R i z v i (197 2) and Khan (1978) f o r Koel-Damodar v a l l e y c o a l 
f i e l d s of e a s t e r n I n d i a , v i z . D a l t o n g a n j , H u t a r and Auranga 
c o a l f i e l d s , * Tewar i (1980) f o r t h e G i r i d i h and a d j o i n i n g 
c o a l f i e l d s and Casshyap and Ahmad (1987) f o r t h e heavy 
m i n e r a l s t u d y of t h e J h a r i a c o a l f i e l d s , * Shuk la and Rai (1971) 
and Qidwai (197 2) f o r Kanhan and Pench v a l l e y c o a l f i e l d s 
of c e n t r a l I n d i a (M.P.),* S ingh and Sharma 
( 1 9 7 3 ) , S ingh (197 4) f o r Korba c o a l f i e l d of M.P . and Ahmad 
(1987) f o r Son-Gondwana b e l t , c e n t r a l I n d i a . 
The p r e s e n t i n v e s t i g a t i o n aims a t a n a l y s i n g t h e f o l l o w i n g 
a s p e c t s I i ) m i n e r a l c o m p o s i t i o n of t h e dominant rock t y p e s 
i . e . m a t r i x of t i l l i t e and s a n d s t o n e of T a l c h i r F o r m a t i o n 
a r o u n d Manendragarh and Ambikapur, M . P . , two m a r g i n a l 
l o c a l i t i e s of t h e Son-Mahanadi Gondwana basin,* i i ) heavy-
m i n e r a l c o m p o s i t i o n , and i i i ) g e o c h e m i c a l a n a l y s i s of m a t r i x 
of t i l l i t e , s a n d s t o n e and s h a l e . 
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MINERAL COMPOSITION 
The study of petrographic characters of the dominant 
rock types of Talchir Formation including matrix of tillite 
and sandstone, is based on microscopic examination of 20 
thin sections taken from as many specimens of matrix of 
tillite (8) and sandstone (12). Thin section examination 
was carried out on Ortholux-II Pol BK microscope. Modal 
analysis (by volume) was carried out for each section using 
a swift electronic point counter. Six to ten traverses 
were made to cover the entire thin section and modal analysis 
was computed in terms of major and minor detrital components 
of framework (size > 0.03 mm) and the groundmass material of 
matrix (< 0.03 mm) or cement whatever present. The number 
of traverses depends upon the average grain size of detrital 
components, and size of thin section. On an average each 
linear traverse is 5 mm and vertical spacing between two 
traverses is 1 mm. Other aspects examined under microscope 
include nature of grain contact, visual estimation of round-
ness of major detrital constituents using rho (a) scale of 
Folk (1955) . 
SANDSTONE CLASSIFICATION 
A-^!5>aQ many classification of sandstone proposed thus far 
(Klein, 1963,* Okada, 1971), those of Petti John (1957 p. 
286), Gilbert (1954), Folk (1954) and McBride (1963) have 
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been widely used» Dott's (196 4) binomial classification 
formulated after the concept of Gilbert (195 4) was an 
advancement over previous classifications, in that it 
served to differentiate sandstone on the basis of textural 
and mineralogical maturity. Thus, sandstone may either 
belong to 'arenite' group (matrix < 15%) or 'wacke* group 
(matrix > 15%), depending upon whether the detrital matrix 
is less/absent or more. However, fewer petrographic types 
were recognised in this classification, minimising its 
practical utility especially for sandstones showing 
considerable mineralogical and textural variations. An 
expanded scheme of petrographic types was introduced by 
Casshyap (1967, 1969) for arenites and wackes, combining 
the earlier schemes proposed by McBride (1963) and Dott 
(1964), (Fig. 16 ) . 
The nomenclature as proposed by Casshyap (1967, 1969) 
and referred to by PettiJohn, Potter and Sievier (197 2, 
p.162) has been found to be quite useful particularly for 
Gondwana sandstones which lack textural and mineralogical 
maturity. This scheme of classification has been adopted 
by other workers (Qidwai, 197 2,* Khan, 1978/ Tewari, 1980,* 
Kumar, 1983,* Aslam, 1987) and has also been adopted here 
for this study. According to this binomial scheme, sand-
stones are classified texturally, based on the amount of 
groundmass (matrix), into 'arenite' and 'wacke', depending 
Figure 16. Sandstone c l a s s i f i c a t i on of a ren i t e s and 
wackes modified by Casshyap (1969), a f t e r 
McBride (1963) and Dott (1964). 
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upon whether detrital matrix (both primary and secondary) 
is less or more than 15% respectively. Further, both these 
types are classified for mineralogical maturity in terms 
of quartz resistantes, feldspar and-labile rock particles 
to recognise various petrographic types. It may be added 
that 'wacke' as recognised in this scheme of classification 
is more or less synonymous to term 'graywacke' of Krynine 
(1948) and Petti John (1954, I960). 
As it has already been mentioned that two rock types 
viz. matrix of tillite and sandstone were microscopically 
examined from each locality,* the amount of quartz resistates, 
feldspar and lithic rock fragments was recalculated to 100%, 
(Table 6) and plotted on equilateral triangles (Fig.17). The 
petrographic types so recognised in different rock types at 
different localities are given in table 7-
PETROGRAPHIC CHARACTERS 
Stratigraphically tillite occurs in lower and in upper 
strata of this formation. Modal analysis of matrix of 
tillite and sandstone is enlisted in Table 8. 
TILLITE 
Greenish to brownish coloured sandy matrix of tillite 
is compact when fresh but crumbles on weathered surface. 
The framework constituents occurring in the matrix are 
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Figure 17 . Petrographic types of '. (A) t i l l i t e and 
(B) sandstone of Talchir Formation. 
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poorly sorted, consisting of subangular to subrounded 
particles of variable size and of different composition, 
scattered in a fine structureless matrix. Detrital 
constituents show practically no point of contact and the 
intervening space is filled upwith matrix, hence resulting 
in a disrupted framework (Fig, 18 ) . Detrital quartz, 
feldspar and rock fragments are most common component of 
matrix of tillite. Quartz grains are subangular to s\ib-
rounded (2,6 + 3.2 ) ,* however, feldspar grains are often 
subangular to subrounded but few rounded grains are also 
present (2,6^- 3,2f ). Further, the moderate degree of 
roundness of rock fragments is also a noteworthy feature 
(2.5C- 3,5e ) . 
SANDSTONE 
The sandstone unit of Talchir Formation in the study 
area, is mostly grey to dirty white and sometime brown in 
colour. This unit shov;s much variation in texture and 
composition. Dominent mineral constituents are similar 
as in matrix of tillite, i.e. quartz, feldspar and rocks 
fragments which shows variation in roundness. Detrital 
quartz varies from 2,6 -3.0 , and comes in subangular 
class, whereas feldspar grains are subangular to subrounded 
and on the rho (C ) scale, roundness value ranges from 2.5^ 
to 3.5P . However, this value varies from 2.9f- 3.3f in 
case of rock fragments. The framework packing is disrupted 
Figure 18. Disrupted framework of matrix of t i l l i t e , 
showing medixoxn grained subangular framework 
cons t i tuen t s , surrounded by r e c r y s t a l l i z e d 
s e r i c i t i c matrix, (X 30 ) . 
Figure 19. Disrupted framework of sandstone, showing 
mostly subangular quartz and feldspar , r e s t 
in dark undifferenciated matrix, ( x g o ) . 
Figure 20. Photomicrograph showing mineral inc lus ions 
of tourmaline and zircon in monocrystall ine 
quartz , ( x g o ) . 
Figure 21 . Photomicrograph showing vein quartz with 
s e r r a t ed boundary in sandstone, (X ) . 
Fig. 18 Fig. 19 
Fig. 20 Fig. 21 
65 
to normal type, though point contacts were also reported, 
but very rarely (Fig. 19). 
MINERAL COMPOSITION 
The framework constituents of both the rock type 
represent a variety of detrital quartz, feldspar, rock 
fragments and mica with some accessory minerals in variable 
abundance. Their petrographic description is as followsT 
Quartz Resistates 
Minerals of the quartz group are by far the most common 
detritals consisting of mono and pwly crystalline quartz, 
fragments of quartzite and chert. 
Monocrystalline quartz varies from 14.3 to 29.6% in 
matrix of tillite, however in sandstone it ranges from 
25.0 to 44.6%. In general grain size ranges from 0.10 to 
1.19 mm. Equidimensional grains show smooth to slightly 
undulose extinction,' elongated particles commonly show 
undulose extinction. Mineral inclusiono of zircon and 
tourmaline in monocrystalline quartz are not uncommon 
(Fig. 20). Boundaries of some grains are eaten up by the 
matrix of groundmass. Among the monocrystalline quartz, 
vain quartz is more prominent (Fig. 21) , 
Polycrystalline quartz as here recognised, are similar 
to composite quartz of Pettijohn (1975, p.200), and occurs 
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in small amount (1.7 - 6.3% in matrix of t i l l i t e and 3.0 -
10.7% in sandstone), than in monocrystalline quartz (Fig 22), 
In general , i t i s comparatively coarser than monocrystall ine 
quartz (0.60 - 1.35 mm) and exhibi t about the same range of 
shape as monocrystall ine, but elongated grains are in 
somewhat 1arger amount. 
Two v a r i e t i e s of quartz i . e . mono and po lyc rys t a l l i ne , 
are d i f f e ren t i a t ed on the bas i s of t h e i r in te rna l and 
opt ica l charac ters (Folk, 1961/ Bla t t and Chr i s t i e , 1963) . 
Feldspar 
De t r i t a l feldspar i s next to quartz in order of 
abundance, cons t i tu t ing about 5.7 to 20.0% of t o t a l volume 
of rock in matrix of t i l l i t e and 16.3 to 28.0% in sandstone. 
Among the species of feldspar, or thoclase , p lagioclase and 
microcline are p resen t . Out of these three v a r i e t i e s , 
p lag ioc lase and microcline were recognished on the bas i s 
of t h e i r twinning. Since orthoclase commonly shows opt ica l 
anomalies with quartz, therefore i t was d i f f i c u l t to 
d i s t inguish between orthoclase and quar tz . To make or tho-
clase dis t inguished from quartz, method of s ta in ing was 
adopted. This method i s regarded by most workers as the 
most rapid and r e l i a b l e where quan t i t a t ive data are 
requi red . I t was accomplished by treatment of the thin 
section with a solution of hydrofluoric ac id . The th in 
Figure 22. Photomicrograph showing coarse grained and rounded 
polycrystalline quartz in tillite, (X'9o ) . 
Figure 23. Photomicrograph showing plagioclase in sandstone, 
slightly altered along its clearage planes, sub-
rounded to rounded, (xgo). 
Figure 24. Photomicrograph showing broken grain of partially 
altered, rounded microcline in a disrupted frame-
work of tillite, (xgO). 
Fig. 22 
Fig. 23 
Fig. Ik 
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section so t r ea t ed was then washed and stained with a water 
soluble sodium c o b a l t i n i t r i t e . The 
or thoclase absorbed the s ta in of pinkish yellow colour, 
whereas the quartz did not show any change. 
The amount of or thoclase i s about 2.0 to 10.0% in 
matrix of t i l l i t e and 6.6 to 18.6% in sandstone. Orthoclase 
gra ins show somewhat more a l t e r a t i on and tend to merge in to 
the adjoining mat r ix . Most of the grains have p a r t i a l l y 
a l t e red in to Kaoline and Se rec i t e . Generally speaking 
feldspar of f iner s ize are fresh as compared to coarser 
ones, which are a l t e r e d , ^Fif. 
Plagioclase content i s about 1.7 to 10.3% in t i l l i t e 
and 3.3 to 9.5% in sandstone. Plagioclase i s general ly 
a l b i t e to o l igoclase in composition. Equant gra ins are 
common, showing good roundness, though elongate gra ins are 
a lso p resen t . Grains and t h e i r boundaries are corroded 
(Fig . '^ i-'i ) . Some grains show p a r t i a l a l t e r a t i o n i n to 
s e r e c i t e . 
Microcline c o n s t i t u t e s about 0.6 to 2.0% and 1.3 to 
5.0% in matrix of t i l l i t e and sandstone r e spec t ive ly . 
Equant grains are very common. Grain boundaries are often 
corroded. Most of the grains are p a r t i a l l y a l t e red in to 
Kaoline and some unident i f ied clay minerals , t h i s a l t e r a t i o n 
took place, general ly along the cleavage planes (Fig . 24) . 
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Li th ic fragments 
The proportion of l i t h i c fragments va r i e s from 4.0 to 
10.6% in matrix of t i l l i t e , and in sandstone t h i s value 
almost remains same (4.6 - 10.6%), depending upon the 
amount of the embedded c l a s t s . As a whole rock fragments 
cons t i tu t e the coarse ts f ract ion of the framework. The 
maximum size of rock fragment (ch lor i t e schis t ) i s more 
than 1,0 mm (Fig. 25) . The most commonly occurring types 
of the rock fragments are as follows * sch is t , qua r t z i t e , 
Sittsto-(\e, s l a t e , PhMllirs, (Fig. 26) and gran i te with m^o-
•Q^<jui.y\-^^\t are also present (Fig. 27) • L i th ic fragments 
are general ly subangular to subrounded, but some fragments 
l i k e quar t z i t e and s i l t s t o n e are rounded t o o . 
Mica 
Detrital mica (commonly bietite) is present in very 
small quantity (0.3 - 1.0%) in both the rock types and 
occurs as conspicuous laths. The mica flakes are invariably 
bent and exhibit frayed ends into which paste like matrix 
has penetrated along the cleavage planes so much so that 
often the flakes are physically disrupted and tear apart. 
The above characters show that mica flakes are of detrital 
origin (Fig. 28) . 
Accessories 
Accessory minerals constitute about 1.6 to 6.0% in 
Figure 25. Photomicrograph showing lithic fragment of 
chlorite schist, more than a mm in diameter, 
within the matrix of tillite, (xgo ). 
Figure 26. Photomicrograph showing subangular lithic 
fragment of phyllite, within the framework 
of sandstone, {X^° ) . 
Figure 27 . Photograph showing subangular elongated rock 
fragment of metaquartzite in the framework 
of tillite, (xgo ) . 
Figure 28. Photograph showing a view of sandstone 
framework, having mica lath. Grains are 
subangular to subrounded, (xgo). 
Fig. 25 Fig. 26 
Fig. 27 Fig. 28 
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matrix of t i l l i t e and 1.0 to 4.0% in sandstone, and i t 
consis t of garnet , epidote, zircon, r u t i l e , a c t i n o l i t e 
and some opaque minera l s . 
Matrix 
Dark green to brown and earthy coloured matrix i s the 
most c h a r a c t e r i s t i c feature of both the rock types of 
Talchir Formation of the study area, and occurs abundantly 
in a l l samples. I t s amount va r i e s from 38.0 to 66.3% in 
t i l l i t e , however, in sandstone, matrix occurs in var iab le 
quant i ty and i t s percentage i s l e s s in s izable amount than 
tha t of the matrix of t i l l i t e , and va r i e s from 8.6 to 36.0%. 
The green colour of matrix i s poss ibly due to the presence 
of c h l o r i t e . Due to i t s close associat ion with the soft 
fine grained rock fragments, i t i s c lear t ha t i t s major 
par t has been derived as a r e s u l t of crushing of the l a b i l e 
rock fragments and subsequent d igenes i s . De t r i t a l components 
of the framework have been marginally replaced by the mat r ix . 
Therefore, i t i s c lear tha t part: of the matrix i s secondary 
and p a r t i a l l y i t i s primary in o r i g i n . 
HEAVY MINERAL ANALYSIS 
As an aid to pe t ro logica l descr ip t ion, heavy mineral 
analys is was car r ied out for a sum of 7 samples and out of 
these , 4 belong to matrix of t i l l i t e and r e s t 3 belong to 
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sandstone from both the localities of study area. Since 
it was a random study for heavy minerals, so no special 
attention was paid over the stratigraphic position of 
strata from which these samples were selected. The purpose 
of the study was '. i) to investigate the composition of 
heavy mineral species in different rock type of Talchir 
Formation in the study area,* and ii) to infer abrasion 
intensity and evaluate the possible composition of prove-
nance. This aspect will be described in the following 
chapter. 
METHODS AND PROCEDURE 
Since it was not possible to disaggregate sandstone 
samples owing to inherent hardness, the bulk samples of 
sandstone were crushed gently in iron-morter (Folk, 1980, 
p.26). An elementary testing shows that some heavy 
minerals have been breaked from its original shape, and 
that is why not belonging its original size class, but 
since it is an unavoidable process, so it was done and 
with keeping this fact in mine, crushing was performed in 
a very gentle way. Some strong and stable minerals, like 
zircon and tourmaline were escaped by this breaking effect. 
After gentle crushing, the available material was seived 
and different size fraction of sample was collected, since 
it is believed that size fraction finer than modal class, 
which was retained on ASTM mesh no. 120 compromises the 
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maximum concentration of heavy minerals (Rittenhouse, 19 43). 
Hence this fraction was used for the separation of heavy 
mineral. The said fraction was treated with 15% HCl and 
slightly heated for 10 to 15 minutes, for removing iron 
coating over the mineral grains. Though, it is correct, 
that few somewhat softer and unstable minerals like apatite 
may have partially or completely dissolved during this 
process (Krumbein and Pettijohn, 1938," Hubert, 1960,' Stanley, 
1965), but the same treatment was nevertheless unavoidable 
because of the capacity caused by iron oxide coating. After 
drying of these iron oxide removed fraction, about 4 gm was 
weighed and using bromoform (Sq-gr, 2.86) as heavy liquid 
was allowed to run for 5 to 10 minutes in a centrifuge ^ 
machine to separate the heavy minerals from the total 
fraction (Muller, 1967). This retained heavy mineral 
fraction, which was accummulated at the bottom of centrifuge 
tube, was washed with the help of Alcohal, dried and weight 
to compute the weight percent of heavy minerals of each 
sample (Table 9 ). A small fraction of the heavy minerals, 
so obtained, was mounted on a glass slide using Canada 
balsom for examination under petrological microscope. 
MINERALOGY 
Heavy mineral species were identified on the basis 
of their optical characters and overall appearance. Total 
number of species of heavy minerals and their number 
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Table 9 
WEIGHT PERCENTAGE (TOTAL) OF HEAVY MINERALS IN TILLITE AND 
SANDSTONE OF TALCHIR FORMATION 
ROCK TYPE LOCALITY SAMPLE NO. WEIGHT PERCENTAGE 
TILLITE 
MANENDRAGARH 
AMBIKAPUR 
I 3 
0 . 4 0 7 5 
0 . 5 6 0 0 
3 . 1 9 7 5 
0 . 0 425 
SANDSTONE 
MANENDRAGARH 
AMBIKAPUR 
I 5 
I 
I 6 
1 .0000 
2 .6750 
0 .0375 
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percentage shown in Table 10. On an average Garnet is the 
most widespread followed by the epidote, zircon, etc. and 
unidentified opaques (Fig. 29). Their general description 
is as follows! 
Garnet 
Garnet is the most abundant species of heavy minerals 
of Talchir Formation of both the locality of study. 
Generally, two varieties of Garnet are present, which was 
distinguished on the basis of wave length of refrected 
light, passing through the mineral, i.e. colourless and 
pink garnet. But in this study both the types are calculated 
in a single class, since genetically there is a very little 
difference involve. The garnet (total) varies from 43.00% 
to 67.9%, and often shows smooth surface, but some grains 
show pitted surface,* the grains are angular to subangular 
and sometimes even reaches to subrounded indicating that the 
crystalline source rocks should be near the depositional site, 
Epidote 
Next to garnet, epidote comes, and this variety is 
present in all the samples, irrespective of their rock 
type or locality. It ranges from 16% to 40%. Most of the 
grains are equidimentional, light yellow to dark brown in 
colour, subangular to subrounded. Zoesite and pistacite 
are two common varities of epidote. Pleochroism of epidote 
is of distinct type. 
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Figure 29. Representative heavy mineral assemblage 
of t i l l i t e and sandstone of Talchir 
Formation, (xgO) , 
A - Garnet 
B - Garnet 
C - Ttourmaline 
D - Rutile 
E - F lu r i t e 
F - Zircon 
G - Epidote 
H - T i tan i te 
I - Spidote 
J - Zircon 
Fig. 29 
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Zircon 
Zircon grains occur commonly in elongate prismatic 
form vdth well defined pyramidal terminations, showing 
subangular outline. Some equidimentional grains may show 
subrounded to rounded grains. Zircon, which is present in 
rocks, in question, is generally colourless, sometime dirty 
or smocky light grey colour is also visimile, and ranging 
from 1.4% to 11,0%. Sometimes, zircon show zoning, which 
is characteristic property of zircon. 
Titanite 
Titanite is marked by light brown colour and weak 
pleochroism. Most of the grains are euhedral in shape but 
irregular grains are also present. They are commonly 
subangular to subrounded. In polarise light, they show the 
same interference colour, but of different intensity as they 
show in ordinary light. Absence of extinction is an another 
character of titanite. It varies from 3.6% to 7.3%. 
Tourmaline 
Tourmaline occurs in a range from 1.00% to 6,5% in all 
the samples except in one sample of sandstone of Manendragarh 
area. Some varieties were recognised on the basis of colour. 
Generally grains are elongated prismatic in shape and 
subangular to subrounded. Few equidimentional grains are 
also present. Tourmaline shov/s strong pleochroism. 
79 
Rutlle 
Rutile is characterised by dark brown to blackish red 
in colour, and in nicol light it gives dark blood red 
colour having extinction. They are generally angular to 
subangular and rod shape grains are very common, although 
some equidimentional grains were also reported but they 
may be due to the breaking of original rod shape grains. 
They are present in all samples from Manendragraph locality, 
and ranging from 1.4% to 3.2%, but accidently no grains 
could be reported from any rock type of Ambikapur locality. 
Fluorite 
This mineral is present almost in every sample. 
Colourless variety of fluorite was reported, generally 
angular to subangular or irregular, rounded grains are 
very rare. Surface of fluorite mineral is generally smooth. 
This fraction ranges from 1 .0 - 3.2%. Though this mineral 
species has not been reported so far by early workers. 
Muscovite 
This species is very less in amount, and mostly it 
gives down than 1%. Grains are generally colourless and 
show interference colour of higher order. They are present 
in form of flakes. 
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Opaques 
The amount of opaque minerals vary from 1,3% to 15.2%, 
among- the opaques, both magnetite and ilmenite are present. 
Grains are angular to subrounded. 
GEOCHEMICAL ANALYSIS 
Some 12 samples of tillite (4), sandstone (4) and 
shale (4) of Talchir Formation, collected from two localities, 
namely, Hasdeo river section, Manendragarh and Gunguta river 
section, Ambikapur, were subjected to geochemical analysis, 
with a view to determine the concentration of some important 
major and trace elements. Of these two localities, Hasdeo 
river section, near Manendragarh is known for its marine 
environment due to occurrence of invertibrate fossils. The 
Ambikapur section may be alike, though no marine fossils 
have been reported so far. Geochemical approach was 
attempted with a view to determine elemental comparison in 
these two sections. Some paleoclimatic information can 
also be inferred by using chemical maturity index (C.M.I.) 
(Potter, 1978) . The following procedures were adopted for 
the preparation of solution geochemical analysis! 
Procedure 
For obtaining the required powder sample from the 
given rock specimen, small chips were broken from the rock 
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specimen which were then crushed to desired fineness in 
auto-power crushing machine. 
To determine major and trace element, two-types of 
mother solutions are required i) solution A, used for 
determination of silica and alumina and their oxides/ 
ii) solution B, used for rest of the major elements with 
their possible oxides and trace elements. 
For the preparation of these solutions digestion 
technique of Shapiro and Brannock (1962) was followed. 
For solution A, 1 gm of rock powder was taken into nickle 
crucible with four to six pellites of sodium hydroxide 
(NaOH). The crucible was heated upto red colour and then 
allowed to cool. Thereafter, 2/3rd of crucible was filled 
with distilled water and left over night. This solution 
was transferred into a boaker and after adding 3-5 ml of 
NHCl, the solution was gently heated till a clear solution 
was obtained. Afterwards, either some amount of distilled 
water was added or evaporated to make this solution 1000 ml,' 
The solution A, is now ready for determination of the 
concentrations of two major elements i.e. silicon alluminixim. 
For the preparation of solution B, the conventional 
open vessel method was used. According to this method, 
hydrofluoric acid was used for digesting hard sedimentary 
rocks, in combination with nitric and perchloric of sulphuric 
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acid. For the digestion, 1 gm of rock powder was taken 
with 10-15 ml of hydrofluoric acid (HF) and afterward, 
whole sample was allowed to be digested by heating. This 
combination enables substantially all the fluorine as well 
as silica to be removed through evaporation. Residue was 
again heated up with mixing of about 4-5 ml of hydrocloric 
acid. Thin 5 ml percloric acid (tlPO^ ) was mixed in this 
residue, which removed the organism in the residue, if any, 
and heated upto the stage of perfect digesion. Digested 
material was transferred into flask and some amount of 
distilled water was added to make the solution to 100 ml. 
Ten remaining major and trace elements were determined 
using the Solution B. 
Determination of concentration 
For the deteirmination of chemical composition and 
their concentration in the given rock samples, solution B 
was run into Double Beam Photospectrometer ( ), for 
obtaining the concentration of silicon and alliiminium. 
Solution B Was rian into the Atomic Absorption Spectrophoto-
meter (GBC-902) which itself is a very sophisticated 
instrument for getting the concentration of elements in 
ppm directly. After a simple calculation, if the concen-
tration of any element was very high, it was converted into 
%. The technique of Atomic Absorption, developed by Sir 
Alan Walsh of C.S.I .R.O, in the mid of 1950's has become 
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the preferred method of elemental analysis. Walsh discovered 
that the majority of free atoms in the commonly used flames 
were in ground state, but that the flames did not also have 
enough energy to excite these' atoms (except for the group I 
elements) . A light source emitting a narrow spectral line 
of the characteristic energy is used to excite the free atoms 
formed in the flame. The decrease in energy (absorption) is 
then measured. 
The absorption is proportional to the concentration of 
free atoms in the flame, given by the Lambert-Beer law. 
^o 
ABSORBANCE = log = K.C.L. 
where I = Intensity of incident radiation emitted by the 
o -^  
light source. 
I. = Intensity of transmitted radiation (amount not 
absorbed). 
C = Concentration of sample (free atoms) 
K = Constant 
L = Path length 
In practical atomic absorption analysis the L-B' s law 
can be reduced to 
I 
o 
ABSORBANCE = IO^IQ' ~ ^ (concentration) 
•^ t 
For atomic absorption to occur the atoms have to be 
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i n t roduced i n t o t h e e x c i t a t i o n beam as ' f r e e ' a toms. 
Ana lys i s was conducted from a s o l u t i o n i n which t h e atoms 
a re chemica l ly bonded and s o l v a t e d . To form f ree atoms, 
t h e so lvan t had t o be removed and chemical bonds broken t o 
form f r ee a toms. This was done by a chemical f l ame. 
Before de t e rmina t i on , elements were c a l i b r a t e d a g a i n s t 
U .S .G.S . Standard , AGV-^ ^ and E. German (BM) S t a n d a r d s . In 
t h e p r e s e n t s tudy fo l lowing major and t r a c e elements were 
de te rmined! s i l i c o n , alvmiinium, i r o n , Pottesrium, calcium, 
sodium, magnesium, phosphorus manganese, Titerite. i n t h e 
o^^ fiftv of tkftW oxides (Si02, AI2O2* FeO, FeJD^t ^2^' '^^^' 
Na20, MgO, P2°5' ' ^ ' ^ ° ' '^^°2^ ^^ ' ^^ ' ^^ ' ^" ' ^^ ' ^'^' ^^^ 
Co were a l s o determined among t h e t r a c e e l e m e n t s . T h e i r 
average and r e l a t i v e concen t r a t i on i n t i l l i t e , sandstone 
and sha l e of T a l c h i r Formation of s tudy a rea i s e n l i s t e d 
i n Table 1 1 . 
Chemical maturity of sediments can be expressed in 
terms of Si02 content and/or chemical maturity index 
(CM.I.), Si02/Al203 (Potter, 1978). A bivariant plot of 
Si02 against total AI2O2 + K-O + Na^O best represents the 
chemical maturity trend as a function of climate for the 
sameples we have studied (Suttner and Dutta, 1986) . 
According to the results of geochemical analysis 
(Table 11 ), the amount of Si02/ AI2O2, K2O and N^O varies 
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from 50.17-7 2.05%, 11.15-40.00%, 1.16-3.92% and 1.41-2.30% 
respectively. 
Variation in concentration of these oxides, which are 
responsible for determination of chemical maturity index 
i.e. Si02/Al203 + K^O + ^^2'^ (Suttner and Dutta, 1986). 
Table ( 12 ) reveals that the sediments of Talchir Formation 
of study area are chemically less to moderate mature. 
Generally speaking, chemical maturity index varying from 
1.87 to 2.90 for tillite, 2.75 to 4.28 for sandstone and 
1.15-1.51, in case of shale. 
87 
CM 
42 
ro 
E-i 
i4 
U 
O 
a 
CO 
ID o 
H 
> 
o 
fa 
o 
CN 
fO 
+ 
o 
CM 
+ 
cn 
O 
\ 
O 
-H 
w 
Q 
W 
2 
W 
EH 
Q 
U 
^' 
X 
w Q 
•z 
H 
|H 
EH 
H 
a 
g 
< 
i 
u H 
s 
m 
X 
u 
z; 
o H 
EH 
< ? S O 
fa 
Qi 
H 
u 
i 
6H 
fa 
O 
w 
cu 
>H 
H 
H 
o 
CN 
+ 
o 
+ 
m 
O 
OJ 
CM 
o 
-H 
CO 
o 
w 
a. 
CO 
Cd 
6<i 
u 
o 
(X 
>H 
EH 
H 
:^  
u 
o 
CN 
o 
CM 
CM 
00 
CM 
IT) r-co 
CM 
i n 
i n 
r-
CO 
CM 
C^ 
CM 
CO CM CM 
n i n \ 0 00 CTv 
w 
EH 
H 
J 
H 
EH 
W 
2 
O 
EH 
CO 
Q 
§ 
CO 
w J 
g 
CO 
w EH 
H 
4^ 
H 
EH 
Cd 
2 
O 
EH 
CO 
P 
2 
CO 
a; 
o 
2 
< 
H 
m 
in 
CM 
r-H 
n 
CM 
i n 
CO 
CT> rH 
vO 
en 
O 
CTi 
n 
ro 
rH 
CM 
CM 
CM 
i n 
CO 
rH 
«* 
<• 
o 
§ 
m 
rH 
CO 
c-~ 
o 
rH 
o 
rH 
CTi 
O 
CM 
r o 
ro 
i n 
i n 
ro 
ro 
vD 
vD 
M3 
cri 
CO 
\ 0 
i n 
O 
CM CM 
i n 
iH 
O 
i n 
CM 
rH 
•J 
< 
X 
CO 
CHAPTER - 5 
DEPOSITION 'ENVIRONMENT, PALEOCURRENTS & PROVENANCE 
The ultimate aim of the present study is to disclose the 
pattern of Talchir sedimentation in central part of Son basin 
under investigation. The evidences collected from litho-
facies analysis, petrography, geochemical analysis, paleoflow 
analysis are used to reconstruct the depositional model of the 
given sediments. Facies analysis and their interpretation 
provides evidence for the reconstruction of major and minor 
environments of deposition. Paleoflow analysis is concerned 
with ascertaining paleodrainage and the probable location of 
provenance for these rocks. Petrographic results and heavy 
mineral study provide evidence to reconstruct the possible 
composition of source rocks, which supplied the se-dment 
debris for the Talchir Formation. Geochemistry of glacial 
deposits is a useful indicator of environment of deposition, 
particularly the abundance of Fe, Ca, Mg, Na, etc. as the 
case may be. Further, the presence of some major and trace 
elements and their concentration can also be used for 
determining the composition of source rocks. 
Depositional Environment 
The heterogeneous assemblage of tillite, conglomerate, 
sandstone and shale constituting the Talchir sediments of the 
88 
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Son-basin of Manendragarh and Ambikapur ( M . P . ) , exh ib i t s 
facies associa t ion and sediment characters s imi lar to those 
which charac te r i se g lac ia l and pro-g lac ia l outwash deposits 
(Boothryod and Ashley, 1975; Ashley, 1975,' Casshyap and 
Srivastava, 1987). 
Facies Model 
Generalised facies models of the Talchir Formation in 
the foss i l i f e rous outcrop of Hasdeo r ive r sect ion, Manendragarh 
and along the Gunguta r i v e r section, near the br idge, south 
of Ambikapur, are chown in Fig . 30 A&B , based on observations 
and measurements a t number of outcrops. The two facies models 
of averaging ?o m thick in Hasdeo r iver section and about 24 m 
thick in Gunguta r i v e r section by and la rge reprerent a 
finning upward assemblage. Generally speaking, basal par t , 
which r e s t s upon g r a i n i t i c basement i s a massive t i l l i t e or 
conglomerate, which are c lea r ly foss i l i f e rous in Hasdeo 
sect ion at Manendragarh, and t h i s i s followed successively 
by s t r a t i f i e d t i l l i t e and/or pebbly sandstone to sandstone, 
having di f ferent type of sedimentary s t ruc tu res and f i na l l y 
by laminated fine e l a s t i c s \/ith or ••/ithout dropstones. The 
succeeding sequence, l ikewise, may begain with t i l l i t e / p e b b l y 
sandstone of sandstone. The l a t e r fac ies , which charac te r i se 
drop stones in Gunguta section i s close to i f not i den t i ca l 
with the v a r i e s . 
Figure 30. Schematic facies models including environmental 
i n t e r p r e t a t i o n ! (A) foss i l i f e rous l o c a l i t y of 
Hasdeo r ive r sect ion, Manendragarh,' (B) Gunguta 
r i v e r sect ion, near Ambikapur (a f te r Casshyap 
and Srivastava, 1987 ) . 
( A ) 
H A S D O V A L L E Y S E C T I O N , MANENDRAGARH 
Morin« coded Envrronmental 
Fauna Lithofocics i n U r p r c t o t i o n 
9 0 
---- -^ --
?m^ 
^ ^ ^ ^ ' ^ . ^ i ; ^ ^ 
^o-
Fl 
Fl 
Sr 
Ft 
D( 
Fl 
Sm 
Sr 
5 - P b 
Cm 
Sm 
Cm 
D«po3ition of suspended mud 
inciudiog apocadlc £auaal r«main« 
and iaolaced diamlctlte dropped 
fro™ rafced ice; tidal and inter-
tldai facies in distal estuanns 
setting. 
Deposition of suspended rrruady sand 
on inclined basement surface 
Fine elastics deposited in deeoer 
valley as suspension load, wich 
sandy intarbeds by tidal currents* 
faunai remains settling through 
suspension. 
SuttfTiarlT'5 mass-flow deposits of 
fine gravel and sand, fining-
upward into ripple cross-laminated 
sand at lower discharge; bivalves 
sporadic 
Submarine outwash gravel* sand matri 
and faunai bivalves settled aa sus-
pended load in proxi~al estuary and 
tidal settling. 
{ B) 
G U N G A T A S E C T I O N AMBrKAPUR 
Coded 
L i tho tac i cs 
In te rbedded 
Oi - Sm 
Fv wrth 
deopstoncs 
Envr ronmen ta l 
I n t e r p r e t o l i o n 
Sheet-liKe sub-aqueous mass flow (ieoosits of reworKed glacial 
debris and sand. 
Vacve-like Sine c l a s t i c f ades of 
dceoec lacustrine water, with 
c las t s dropped by rat ted ice. 
3S with S-Pb, - a r t i a i l / rewoD^ed - l ac i a l debris 
Co - '^« .nci^^^T^ f«_-- (.rannel -s'-ias or 
3ub-olacial estcer streams. 
Proglacial outwash sand, locally 
pebbly, of braided channel bars and 
flash-floods. 
Laninated irua deooslted b/ ver t ica l 
accretion in abandoned braided channels. 
Transverse to llnguoid p~bbl,' sand bars 
of Teitwater braided streams in pro-
glacidl outwash p la in . 
Grounded t i l l ana larimated -Tjd 
•i'lth dronstone resting on c*d roc)c. F l w i t h 
d r o p S t o n c s 
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Each l i t h o f a c i e s in terms of i t s code, sedimentary 
characters v i z . sedimentary s t ruc tures and bedding type, and 
environmental i n t e r p r e t a t i o n i s i l l u s t r a t e d in the facies 
models (Fig. 30 A and B) . The dominant facies recognised 
in both the l o c a l i t i e s of study area i . e . Hasdeo and Gunguta 
r ive r sect ions have been described e a r l i e r in Chapter-2. 
Evidences from Li thofacies 
The g lac ia l and g lac io- f luv ia l or igin for the Talchir 
rocks has long been assigned by ear ly iN^orkers (Fox, 193 4," 
Pascoe, 1955) . The balance of evidence from the Talchi r 
Formation, p a r t i c u l a r l y the local occurrence of s t r a i a t e d 
g lac ia l pavement (Ahmad et al ., 1976), and the presence of 
massive and s t r a t i f i e d t i l l i t e , rhythmites, dropstone facies , 
pentagonal, and s t r a i a t e d c l a s t s , suggest t ha t they are 
glaci-^.lly derived (Casshyap and Srivastava, 1987). Alterna-
t i v e modes of deposit ion includes f lo t ing i ce , reworking of 
debr is , and sub-aqueous slumoing and s l id ing by grav i ty 
flov/s (Crowell and Frakes, 1975,' Powell, 1981). 
As widely bel ieved, bodies of massive t i l l i t e v/ere 
deposited on basement rock d i r ec t ly by grounded i c e , perhaps 
during ice r e t r e a t (Boulton and Eyles, 1979) . S t r a t i f i e d 
t i l l i t e r e l a t e to reworker t i l l by melt waters of the base, 
and seasonal mass flows of t i l l and coarse sand due to high 
discharge of melt water stream in p ro-g lac ia l outwash p la ins 
(Boulton and Eyles, 1979) or as submarine outwash deposi ts 
(Powell, 1981) . 
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Conglomerate bodies may be r e l a t ed to f lash floods or 
ca tas t rophic discharge associated with the breaking of natural 
dams during g lac ia l melts (Collinson and Thompson, 1992) or 
to longi tudinal b r a id bars in proglacia l outwash p la ins of 
braided r ive r (Boothroyd and Ashley, 1975} . The f o s s i l i -
ferous basal conglomerate facies in the Hasdeo sect ion near 
Manendragarh poss ibly represent a product of a submarine 
outwash p la in (Powell, 1981), fan de l t a (Eyles and Mial l , 
198 4), and/or pe r iod ic gravity flow (Walker, 198 4) in deeper 
waters of t i d a l channe l / in le t or estuary and v e r t i c a l 
accret ion of suspended covered and f o s s i l she l l s , as 
supported by the presence of ve r t i ca l gradation of coarse 
e l a s t i c s , upward s e t t l i n g of foss i l s h e l l s , and f l a s e r 
bedding. 
The c r o s s - s t r a t i f i e d arenaceous l i t ho fac i e s shov/ing 
fining upward cycles and unimodal t r anspor t d i rec t ion are 
a t t r i b u t e ^ to a f l u v i a t i l e environment of deposit ion or 
aggradation of t i d a l channels. Their close associa t ion 
with g l ac i a l l y derived deposits l ike laminated mudstone 
and varves with dropstones, i s s t rongly corroborat ive of 
a g lac io- lacus t r im or glacio-fluna environment. Pebbly, 
c r o s s - s t r a t i f i e d sandstone facies which underlie, m.assive 
or s t r a t i f i e d d iamic t i t e , or enclosed the re in , may well be 
in t e rp re t ed as sub-glacia l or englacial esker deposi ts 
(Banerjee and McDonald, 197 5; Saunderson, 1975) . 
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Alternating beds of shale and fine grained sandstone, 
which show bedforms and bedding type of a lower flow regime 
are interpreted as le vee deposits of sinuous stream channels 
on- outwash plains (Casshyap and Srlvastava, 1987 ). Similarly, 
mudstone siltstone facies, suggest deposition in a standing 
body of water similar to a lacustrine or delta plain environ-
ment (Gustavson, 1975). Rhythmite lithofacies correspond 
to density underflows due to variation of meltwater discharge 
from summer through winter (Gustavson, 1975). Icebergs droped 
stones into lacustrine sediments, thus completing the process 
of rhythmite formation. 
Talchir Geomorohic Profile 
The present day mode of occurrance of basement rocks and 
the overlying Talchir rocks in and around^ fha raidway 
bridge on Hasdeo river section near Manendragarh provides a 
basis for a local schemetic reconstruction of the uneven 
basement profile with prominant valley as the site of deposi-
tion of Talchir glacial and glecigene sediments. 
Thus, Talchir sedimentation was brought about in narrow 
valleys of variable depth adjacent to high lands and/or in 
lov; lying area during the retre at of Talchir glvjcia!^  as 
discussed at length recently by Casshyap and Srivastava 
(1987) . 
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E v i d e n c e s from P e t r o q r a p h i c C h a r a c t e r s 
C l i m a t e a f f e c t s s a n d c o m p o s i t i o n t h r o u g h i t s i n f l u e n c e 
on p e d o g e n i c p r o c e s s , which b r i n g s a b o u t p a r e n t r o c k 
d e s t r u c t i o n . I n e s s e n c e , p e d o g e n e s i s c o n v e r t s a s m a l l 
p o p u l a t i o n of l a r g e rock f ragment i n t o d e t r i t u s made up of 
s e v e r a l p o p u l a t i o n s of s m a l l e r r ock f r a g m e n t s and m o n o m i n e r a l l i c 
g r a i n s , i n c l u d i n g p o l y c r y s t a l l i n e q u a r t z . Young e t a l . , 1975, 
and Basu ,1976 h a v e shown t h a t i f t h e same p h a n e r i t i c 
c r y s t a l l i n e p a r e n t r ock i s w e a t h e r e d i n c o n t r a s t i n g wet and 
d ry c l i m a t e s , u n d e r comparab l e c o n d i t i o n s of r e l i e f , t h e 
d e t r i t u s p r o d u c e d w i l l h a v e a framework c o m p o s i t i o n u n i q u e 
t o t h e c l i m a t e i n which i t i s p r o d u c e d . I t i s s e e n t h a t 
r a t i o s of f e l d s p a r p l u s l i t h i c f r a g m e n t s t o p o l y c r y s t a l l i n e 
q u a r t z o r t o t o t a l q u a r t z i . e . c o m p o s i t i o n a l m a t u r i t y , a r e 
s e n s i t i v e i n d i c a t o r s of t h e c l i m a t i c h e r i t a g e of s a n d . T h i s 
c l i m a t i c s i g n a t u r e w i l l b e p r e s e r v e d i n t h e s a n d when t h e y 
a r e d e p o s i t e d i f such s a n d s do n o t s u f f e r s e d i m e n t a r y 
d i f f e r e n t i a t i o n . 
F o l l o w i n g t a b l e i n d i c a t e s t h e c o m p o s i t i o n a l m a t u r i t y 
i n d e x of s a n d s t o n e and m a t r i x of t i l l i t e of t h e T a l c h i r 
F o r m a t i o n i n t h e g i v e n a r e a . The i n d e x of c o m p o s i t i o n a l 
m a t u r i t y can b e d e t e r m i n e d by two d i f f e r e n t t y p e of f o r m u l a , 
i . e . 
and 
F + R F + R 
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where 0 = Quartz (Monocrystalline) 
Q = Quartz (Polycrys ta l l ine) 
F = Feldspar (Total) 
R = Rock Fragments (Total) 
I t i s an es tab l i shed fact t ha t grea ter the value of 
C M . I . , the maximiixn the matur i ty . 
The values of C.M.I, as shown in Table 13, were p lo t ted 
on b iva r i an t log/ log paper . In t h i s p lo t hor izonta l axis 
shows CL + Q^  / F+R and ve r t i ca l axis shows 0/ F+R . 
Sketched arrow shows the l imi t s of d i f ferent c l imat ic zones 
(Suttner & Datta, 1986) (Fig. 31) . Compositional maturi ty 
index of the given Talchir rocks (Table 13) was p lo t t ed on 
b iva r i an t log/ log paper, and i t was observed tha t most of the 
population i s lying in the semi-humid c l imat ic zone. 
Textural a t t r i b u t e s of quartz and feldspar are more or 
l e s s s imilar in t i l l i t e and sandstone. Mean grain s ize of 
quartz and feldspar ranges from 0.33 mm (1.59 #) to 0.25 mm 
(2.01 $) in t i l l i t e , and 0.33 mm (1.60 $) to 0.16 mm (2.62 $) 
in sandstone. Both quartz and feldspar of t i l l i t e and sand-
stone are r e l a t i ng to poorly sorted to very poorly sorted 
I a-j- = 1.22$ to 3.7 4f (in t i l l i t e ) / 1.25$ to 2.11$ (in sand-
stone) I . However, both the minerals are near ly skewed to 
s t rongly coarse skewed (+ 0.08 to -0.42) in t i l l i t e , they 
are s t rongly fine skewed to coarse skewed (+0.36 to -0.26) 
in case of sandstone. 
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Table 13 
COMPOSITIONAL MATURITY INDEX (C.M.I.), DETERMINED BY Qp + Qm /F + R 
AND Qp / F + R FOR VARIOUS ROCK TYPE OF TALCHIR FORMATION 
ROCK TYPE 
TILLITE 
SANDSTONE 
LOCALITY 
MANENDRAGARH 
AMBIKAPUR 
MANENDRAGARH 
AMBIKAPUR 
SAMPLE 
NUMBER 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Qm + Op 
F+R 
1.29 
1.92 
1 .23 
2.11 
1.27 
1.36 
1.27 
1.48 
1.96 
1.07 
1.47 
1.40 
1.77 
1.33 
1.32 
Qp 
F+R 
0.26 
0.31 
0.17 
0.17 
0.09 
0.25 
0.35 
0.21 
0.14 
0.12 
0.21 
0.37 
0.32 
0.38 
0.27 
ABBREVIATIONS I Qpn. - Quartz (Monocrystalline) 
Qp = Quartz (Polycrystalline) 
F = Feldspar (Total) 
R = Rock Fragments 
Figure 31. Bivariant log/log plot of the ratio of poly-
quartz to feldspar plus rock fragments against 
the ratio of total quartz to feldspar plus 
rock fragments of tillite and sandstone of 
Talchir Formation (after Suttner and Dutta, 
1986) . 
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An attempt was made to d is t inguish the poss ib le depositiona] 
environment of t i l l i t e and sandstone, on the bas is of t h e i r 
text t i ra l charac ters of quartz, feldspar and rock fragments. 
However, t h i s study does not e s t ab l i sh any re la t ionsh ip 
between t ex tu ra l a t t r i b u t e s and deposit ional environment of 
g l ac i a l t i l l i t e and glacio marine and g lac iof luvia l sandstone, 
as infered from l i t h o f a c i e s ana lys i s . 
Evidence from Geochemistry 
The overal l analysis shows tha t among the major elements, 
the concentration of 3102* Al2°3 ^"'^ ^®^ ( to ta l ) occurs in 
higher proportion, while MgO, MnO, K^O, Na20, P2°5' ^^° ^"^ 
TiOp are present on lower s ca l e . Most of the chemical 
components of sedimentary rocks, are re f lec t ion of t h e i r 
provenance. Their concentration may be depleated or enriched 
as a concequence of influence of mode of t ranspor t , deposi-
t i ona l environment, and/or climate, and t h i s change i s 
in fe r red by the chanical maturity of sediments. 
In general alumina content in a l l the rock types i . e . 
t i l l i t e , sandstone and shale, i s qui te appreciable, ranging 
from 11 to 40%, which may account la rge ly from lower chemical 
maturi ty of the Talchir sediments in the study a rea . The 
higher proportion of alumina i s b i t of enigma, considering 
the g lac ia l / tempera te climate during the deposition of 
Talchir g lac ia l sediments. I t may be tha t the higher alximina 
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is possibly the result of large scale crushing and grinding 
of pelitic rocks (phyllosilicats) during glacial transportation 
v/hich produced large quantity of silt and clay fraction in the 
given rocks and to give rise to large proportion of alumina. 
Lot more data is required to postulate the role of 
environment and/or climate. Future research will be directed 
in establishing relationship of chemical maturity vis-a-vis 
the depositional/climatic control. 
Paleoflow Analysis 
A good deal of work has been done on the study of paleo-ice 
transport and paleocurrents of glacigene Talchir rocks during 
the last 30 years (Ganju and Srivastava, 1959,* Banerjee, 
1963; Ghosh and Mitra, 1967; Casshyap, 1977b; Casshyap and 
Qidwai/ 1971/ Casshyap and Tewari, 1982) . 
The paleoice transport and paleocurrent data were 
recorded from primary directional features, as and where 
possible. It was deduced at four localities i.e. along the 
Hasdeo river all around Manendragarh, interior section north 
of Manendragarh, along Hasdeo near Nagpur as Bishrampur road, 
and Gungutta river section, near Ambikapur. This analysis 
was based on the following directional features '.-
i) Dimensional pebble fabric of basal tillite (massive 
diamictite) . In places where pebble fabric is not well 
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documented, embedded c l a s t s in d iamic t i te was matched with 
local and d i s t a l source rocks to in fe r paleo i c e - t r a n s p o r t . 
Long axis o r i en ta t ion of embedded elongate c l a s t s may 
reveal pa leo- ice t r a n s p o r t . Dimensional fabric of elongate 
c l a s t i s measured for surfaces p a r a l l e l to bedding p lane . 
i i ) A crossbed can be defined as a s ingle layer, or a 
s ingle sedimentation un i t consis t ing of foresets inc l ined 
to the pr inc ipa l surface of sedimentation. This sedimentation 
u n i t i s separated from adjacent layers by a surface of 
erosion, nondeposition or abrupt change in colour, grain 
s ize or any physical property (McKee, 1965,* Pot te r and 
Pet t i john, 1963). Two major types are present , v i z . (a) 
trough and ^b) planar cross-bedding. A cross bedding un i t 
whose bounding surface i s curved or tangent ia l and the un i t 
i s trough shaped, i s ca l led trough cross-bedding. Similarly 
a cross-bedded un i t whose bounding surface form more or 
l e s s planar surface i s cal led planar or tabular c r o s s -
bedding. For trough cross-beds, paleocurrent readings 
correspond to or ien ta t ion of trough axis in the d i rec t ion 
of c loser of trough as exposed on bedding plane, whereas 
tabula r forese t s of planar cross-bedding v/ere measured for 
s t r i k e and dip azimuth in ve r t i c a l a-c p lane . 
i i i ) Asymmetrical current/wave r ipp les were also used to 
determine local paleocurrent d i r e c t i o n . Asymmetrical 
r i pp le s show steeper lee side and gent le s toss s i d e . Dip 
101 
azimuth or down slope di rec t ion of l ee s ide reveals a 
poss ib le down current direct ion of paleoflow. Channel sand 
body and/or t h e i r elongation may also suggest paleoflow 
d i r e c t i o n . The paleoflow data were s t a t i s t i c a l l y computed 
for vector mean for d i f ferent outcrops . Mean paleoflow 
and/or pa leo- ice t r anspor t est imates, for the two l o c - l i t i e s 
are p lo t t ed in the paleocurrent map in F ig . 32 i t 
a lso includes the d i rec t ion as in fer red from matching source 
rocks with c l a s t l i t ho logy . 
Provenance 
The composition of c l a s t i c rocks depends in p a r t on 
the nature of the parent rock and p a r t i a l l y on i t s matur i ty . 
Maturity i s a function of time and i n t e n s i t y through which 
weathering i s extended. Time and i n t e n s i t y are dependent 
upon r e l i e f and climate (Pett i john, 1957). I t i s one of the 
most important job of a sedimentologist to determine the 
nature and composition of source rocks, which have supplied 
the sediments to f i l l the sedimentary basin, which i s in 
quest ion. This task requires on object ive examination of 
major and minor rock cons t i tuents , which can provide v i t a l 
clues for i t s place of origin and reconst ruct the nature 
of source a rea . Geochemical analysis can also be helpful 
in order to get t h i s aim. 
Among the guides to provenance taken in to considerat ion 
are ', 
Figure 32. Paleoflow map of Talchir strata,' inset shows 
dominant drainage during overlying Karharbari/ 
Barakar time (after Casshyap and Srivastava, 
1987) . 
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1 . Heavy mineral species 
2. Types of detrital quartz 
3 . Detrital feldspar 
4. Sandsized lithic fragments 
Evidences from Heavy minerals 
Heavy minerals are of great importance for determing 
the nature and composition of source rocks, but not much 
useful for finding out the transportation and weathering 
history of sediments. 
The heavy mineral assonblage in the tillite or sand-
stone of the study area, consists mainly of garnet, epidcte, 
zircon, tiiuuiite, tourmaline, rutile, flurite, muscovite 
and opaques with varying proportion in the different rock 
units. Friedman and Johnson (198 2, p.97) have sho'.^ m that 
the presence of each type of heavy mineral is an indicator 
of a definite type of source rock or group of such rocks. 
According to this established relationship, follov/ing rocks 
may be the possible source of the Talchir Formation of the 
study area -
i) Garnet indicates that the source of sediments may be 
igneous and metamorphic rocks, and high abundance of this 
mineral ('i^-*?'/. ) indicates metamorphic source. 
ii) Zircon is indicative of slLsic to intermediate igneous 
rocks. Rutile also suggests the same type of source rocks 
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with tittle addition of crystalline metamorphic rocks. In 
contrast of these tourmaline is the representative 
constituent of Pegmatites, Schists, gneisses. Micas and 
opaque minerals occur ubiquitously Titanite indicating of 
acid igneous rocks. 
iii) Sedimentary petrologists have defined certain assemblages 
of heavy minerals which are indicative of a major class of 
source rocks (Krumbein and Pettijohn, 1938, p. 463,* Baker, 
1962, p.90; Pettijohn, 1975, p. 487) . The above heavy mineral 
suite and the possible group or complex of source rocks, 
suggest that the rocks, which supplied,, the sediments of 
son basin to form Talchir Formation, may be granite, 
pegmatites, low to medium grade metamorphic cocks (green 
schist facies) like, chlorite schist, mica schist, and 
gneisses. 
Evidences from Detrital Quartz 
The presence of detrital quartz in sedimentary rocks 
is very much useful in order to find out the nature of 
source rocks (Folk, 1980). About 14% - 46% of the detrital 
quartz is of monocrystalline type. Monocrystalline quartz 
showing smooth to slightly undulose extinction and roughly 
equidimensional in shape containing outomorphic inclusions 
of tourmaline and zircon, may have been derived from 
granitic source (Pettijohn, 1975, p.201). The rest of 
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monocrystalline quartz, elongated in shape, shows undulose 
ex t inc t ion , i s general ly free from inc lus ions , and may have 
come from older gneisses and schis t s (Folk, 1961) . 
The other major va r i e ty of quartz i s p o l y c r y s t a l l i n e . 
Some po lyc rys t a l l i ne grains resemble s t re tched quartz 
(Folk, 1980) . Po lycrys ta l l ine quartz may have been derived 
from high grade metamorphic rocks (Blat t , 1967) . Thus 
the characters of mono-and po lycrys ta l l ine quartz suggest 
t h e i r poss ib le der ivat ion largely from rocks varying from 
g ran i t e to g r a n i t i c gneiss and schis tose in composition. 
Evidence from L i th i c Fragments 
The d iamic t i te and sand stone of the study area contain 
about ^-10% rock fragments, comprising p h y l l i t e , ca lcar ious 
p h y l l i t e , b i o t i t e sch i s t , c l o r i t e sch i s t , qua r t z i t e , s i l t -
stone, shale, g ran i t e , pe gmati te. These l i t h i c fragments 
occur in var iab le proportion and suggest tha t low to medium 
grade metasedimentary rocks const i tu ted a good p a r t of the 
provenance. 
The petrographic evidences c i ted above suggest a 
mixed provenance comprising '. 
i ) Acid igneous rocks (Porphyritic g ran i te and g ran i t e 
gneiss) intruded by pegmatite and quartz vein,* 
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i i ) Low to medium grade metamorphic and metasedimentary 
rocks ( c l o r i t e sch i s t , b i a t i t e , sch i s t , gneiss , qua r t z i t e , 
p h y l l i t e , e t c . ) and sedimentary rocks (shale, s i l t s t o n e ) . 
i i i ) A small proportion of bas ic to u l t r a b a s i c igneous rocks 
A paleocurrent study of the study area, mainly by 
Casshyap and Srivastava (1987) suggests t ha t sediments 
were t ranspor ted l a rge ly in north, north-westerly d i rec t ion , 
ind ica t ing a provenance s i tua ted to the south, south-
eas t e r ly of the a r ea . 
•Unclassified Precambrian' rocks crop out extensively 
to SEjfn side of the study area . This region may possibly 
be the area where the provenance of the Talchir Formation 
of the study area was loca ted . 
CHAPTER - 6 
SUMMARY AND CONCLUSIONS 
Son-Mahanadi is one of the elongated basins of Gondwana 
Supergroup in India. Talchir Formation forms the basal most 
unit, successively overlain by Karharbari, Barakar, Kamthi, 
Mahadeva and Athgarh Formation, though Karharbari is not 
well distinguished from the overlying Barakar Formation. 
This study is covered with the study of Talchir strata in 
parts of Son basin. Hasdeo river section around Manendragarh 
and Ghunguta river section around Ambikapur are two important 
exposures of Talchir Formation in the Son basin. The former 
is situated close to the western margin and later on the 
eastern margin of basin. 
This study deals with the lithofacies analysis, petro-
graphy,* including texture and mineralogy, and geochemistry 
of Talchir Formation of study area. Based on the results 
so obtained, an attempt is made to reconstruct the facies 
model, depositional environment and provenance of the 
Talchir Formation of the study area. The main conclusions 
of the study area are summarised below * 
As complete record of Talchir strata from base to top 
is no where exposed, only partial sequences occur abutting 
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against or resting upon the granitic basement in marginal 
terrain. Therefore, the lithofacies study is based on 
careful examination of critical outcrop sections. 
In Hasdeo river section around Manendragarh, and 
Ghungutta river section near Ambikapur, broadly four litho-
facies were recognised, namely Tillite, Conglcanerate, 
Sandstone and Shale-Siltstone. Each facies has again been 
differentiated, based on dominant texture and sedimentary 
structures. In this way total no. of 12 facies were 
identified occurring hath vertically and laterally 
according to their sequence of deposition. These facies 
are '. massive tillite (Tm), stratified tillite (Ts), 
bedded conglomerate (Cg), fossiliferous conglomerate (Cg(f)), 
massive sandstone (Sm), stratified sandstone (Sh), cross 
bedded (trough,/^lan. cr) sandstone (Sp/St), ripple bedded 
sandstone (Srj, wavy bedded sandstone (Sv/), flaser bedded 
sandstone (Sfs), shale-siltstone (laminated) (Fl), and 
shale siltstone, laminated with dropstone (Fl (d) ) . 
Fossiliferous conglomerate facies is unique to Hasdeo river 
section only, as no fossil assemblage could be discovered 
from the Ghungu ta river section and other places of the 
study area. 
Talchir tillites are mostly lithic arkosic wacke, some 
are arkosic wacke to lithic subarkosic wacke, and a few 
feldspathic lithwacke, whereas sandstone are mostly lithic 
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arkosic wacke to arkosic wacke. The matrix of tillite and 
sandstone are immature both texturally and mineralogically. 
Monocrystalline quartz (14.3-46.2%) exceeds palycrystalline 
quartz (1.6-10.6%) and together form the bulk of the detrital 
components. Percentage of quartz is more of less equal in 
both sandstone and matrix of tillite. Feldspar is more in 
sandstone (16.3-27.9%) than tillite (5.6-20.0%). Lithic 
fragments, which include granite, pegmatites, siltstone, 
quartzite, clorite schist, mica schist, etc., occur in order 
of 4.0-10.6% in both the rock type. Average percentage of 
matrix (groundmass) in tillite is 49.83%, whereas in case 
of sandstone's matrix, its average percentage is 25.76%. 
Compositional maturity index, determined by On + Qb/F+R 
and Qp/F+R, shows that Talchir rocks are not compositionally 
mature, it ranges from 1.27 to 2.11 in tillite and 1.07 to 
1.97 in case of sandstone, if we use total quartz, otherv/ise 
by using only polycrystalline quartz it is 0.09 to 0.31 in 
tillit3 and in sandstone it is 0.12 - 0.3S. 
Most abundant species among the heavy mineral suite 
are garnet (43.0% to 67.9%). Other heavy mineral constituents 
r 
are epidote, zircon, titanite, tourmaline, rutile, flurite, 
muscovite and opaques minerals, occurring in variable 
proportion in both the rock types. The opaque minerals 
include maonetite and ilmente. 
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Size attributes of three major constituents of matrix 
of tillite and sandstone i.e. quartz, feldspar and rock-
fragments, show that the quartz grains of sandstones are 
comparatively finer in size (0.25 mm) than these of the 
matrix of tillite (0,28 mm) . It may be due to effect of 
reworking and v/ashing of glacial sediments by subsequent 
melt water stream. Quartz grains are very poorly sorted 
(1.85 §) in both matrix of tillite and sandstone. Likewise, 
feldspars are finer somewhat grained (0.25 mm) in sandstone 
than those, matrix of tillite (0.30),* they are also poorly 
sorted (1.43'.P) in both rock type. Rock fragments show 
some increment in size (0.45 mm) as compared to quartz and 
feldspar. In matrix of tillite it ii> somewhat coarser 
(coarse to medium) than sandstone (coarse to fine) , Roundness 
is poor in every type of constituents in both matrix of 
tillite and sandstone, though it is little better in sand-
stone. Generally the detritals are subangular to sburounded, 
though angular and rounded grains are also present. Grain 
packing is normal to disrupted in matrix of tillite, while 
it is normal to aen^^ely packed in sandstone. 
Geochemical anlysis of tillite, sandstone and shale of 
Talchir Formation of study area, reveal the concentration of 
oxides of major elements (in/o) like, SiO„, AlpO_, FeO (total), 
MgO, MnO, CaO, Na20, K2O, Ti02 and P2O5' and concentration 
of trace elements (in ppm) such as Ni, Cr, Cd, Cu, Zn and Pb. 
I l l 
Chemical maturi ty index, which i s the r a t i o of Si02/Al20o + 
KpO + Na20/ was determined and found tha t Talchir rocks are 
chemically l ess mature. In t i l l i t e t h i s index va r i e s from 
1.87 to 2.90/ in sandstone i t ranges from 2.75 to 4.28, 
while i t i s 1.15 to 1.51, in case of sha le . In t h i s study, 
only 12 samples were analized, which are not enough for 
es tab l i sh ing any re la t ionsh ip between chemical maturi ty and 
poss ib le deposi t ional environment and/or c l imate . Future 
investigat)-,n would get more a t tent ion over t h i s aspect of 
s tudy. 
Lithofacies occurrance from the Talchir Formation of 
study area, p a r t i c u l a r l y s t r a i a t e d g lac ia l pavement (Ahmad 
e t al . 1976) and the presence of massive and s t r a t i f i e d 
t i l l i t e , rhythmites, dropstone fac ies , pentagonal and 
s t r n i a t e d c l a s t s , suggest tha t they are g l a c i a l l y derived 
(Casshyap and Srivastava, 1987) and g lac io f luv ia l , g lac io-
l a cu r t i ne and glacio marine environment were also present 
as a subenvironment. 
The paleocurrent pa t t e rns worked out suggest t h a t 
during the sedimentation of Talchir Formation, northwesternly 
moving currents were very much e f f ec t i ve . 
Paleocurrent d i rec t ion suggests tha t the provenance, 
which supplied sediments for the deposition of Talchir 
Formation, in a l l p o s s i b i l i t y l i e s in the southeast or 
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south of the study area . Petrography of d i f ferent rocks 
and heavy mineral s tudies suggested tha t unident i f ied 
Pre-cambrian rocks, crop out extensively to SE side of 
the study area, may be the provenance for Talchir rocks . 
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